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PREFACE 

ABOUT ENERGY TECHNOLOGY MODULES 

The. modules were ^developed by TERC-SW for use in two-year postsecondary technical 
institutions to prepare technicians for employment and are useful in industry for up- 
datiag employees in company- sponsored training programs. The principles, techniques 
arid skills -taught in the modules, based on tasks that energy technicians perform, were 
obtained from**a nationwide advisory committee .of employe-rs Of energy technicians. Each 
module was written by^ a technica^expert and approved by representatives from industry. 

Most modules contain the following elements: 

I rrt roquet ion , w'hich identifies the topic, and often includes a rationale for 
studying the material. t 

Prerequisites , which identify the material a student should be familiar with 
before studying the module. 

- Objectives , which clearly identify what the student is expected to know for sat- 
isfactory module completion. 'The objectives, stated in terms of action- oriented 
behavfors, include such action words as operate, measure, calculate, identify 
and define, rather than words with many interpretations, such as know, under- 
stand, *learn and appreciat^. 

Subject Matter , which presents the background theory and techniques supportive 
to the objectives *pf» the module. Subject matter is written with the technical 
student in mind. * 

J* * • 

Exercises , which provide practical problems to- which the student can apply this 
new knowledge. 

References , which aje included as suggestions for supplementary reading/viewing 
tor the student. ^ 

Test , which measures the student's achievement of the' prestated objectives. 

ABOUT THE FUNDAMENTALS OF ENERGY" TECHNOLOGY COURSE 

The Fundamentals of Energy Technology course is designed as overview of the entire 
energy field; it discusses energy fuels, production schemes, areas of utilization, envi- 
ronmental consideration and conservation/audit principles. Most important for the 
student, tl\i s course provides career .visibility and a logical rationale for including 
each course in the curriculum. This course should be taught to the student during the 
first quarter or semester of the curriculum. The instructor is encouraged to use the 
four* modules as a framework in ^hich. films , speakers and numerous pamphlets can be 
inserted. Since this course is spared more to the seminar approach than the technical, 
"hands on" instructor, several of the module elements related to laboratory exercises 
are not included. * 
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INTRODUCTION 



■ • , 

For want of a -nail, the shoe was lost. 
For want of a shoe, the horse was lost. 
*-For want of a horse, the rider was lost. 
For want of a rider; the battle was lost.'* 
For want of a battle, the kingdom was lost - 
And all for the wanf of a horseshoe nail. ' 

Mother Goose ~\ 

Energy is the missing nail in today's world economy.. 
Right now, every effort is being made to either find that 
missing nail - or develop a substitute. 

Although there is much talk about the so-called energy 
shortage , there really is no shortage of energy. There 
is, theoretically, enough energy in one copper penny to ~\ 
boil more than 30 million gallons of water. 

The shortage is in the ability to convert matter effi- 
cientlyand economically into useful energy. In the past., 
technology has been concerned primarily with the use of ' . 

energy to power and produce new things. In the future, ' 
technology must aiso be concerned with the actual process 
"of using - and conserving - energy more"'ef f iciently and 
wisely. 



PREREQUISITES 



None 



t • 
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OBJECTIVES ' 

; 

Upon completion of this module, the ^student should be 
able to: 

1. Define the following terms; 
a. * Energy. 

b/ Ener^jr shortage. * 

c. Conservation Law. 

d. Entropy Law. " ' 

e. Work. * 

-f. Energy conservation. 

g. Capital stock of U.S. economy. 

h. The politics of energy. . ^ 

i. Environmental ride, 
j. ■ Thermal pollution. 

2. List the reasons that have contributed .td^the upward 
spiral in a demand for energy on both a nardonal and 
an international ft&sis .. '\ * — 



.3. List^the three factors that have contributed to\a 
total demand for- energy. 

4. Describe the past relationship between energy const 
tion and productivity and explain how this relation- 

1 ' . ship is changing in th^ United States. 

5. .List tjie fossil fuels. 

6. List the complaints of environmentalists about each 
^©f the fossil fuels, nuclear power, geothermal energy, 

7) ^oiar energy, and hydropower energy production. 

7. List the individuals or groups that have the power 
to taj^e effective* action abo ut energy sources of the 
future. 

'8. List the four areas of 'energy, management that can 
help conserve energy. 
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Explain the dichotomy in which the United States finds 
itself concerning the energy crisis. 
List and describe the two areas through which the c 
solution to the energy crisis may be achieved/ 
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SUBJECT MATTER 



WHAT IS ENERGY?" 

In texts of the last several decades, energy generally 
has been defined simply as the ability or capacity*to do. 
work. All functions of our environment require energy. 
* However, this use^of energy must be viewed in terms of 
the transformation of energy resources into various types 
of energy.- 

For instance, natural resources like uranium, coal, 
oil, and gas are" transformed into heat,- pressure, mechanical 
power, ^and electricity; hydropower and wind are also trans- 
. formed into electricity. ^ * ( • p 

The first law of thermodynamics, the Conservation 
Law,- states that energy is not lost during such transforma- 
tions. • In other words, all the energy that ever was still 
exists. t . 

• 'What is lost is the ability to do work. The second 
law of thermodynamics, the Entropy Law , describes the trans- 
formation of work or heat into disorder, or entropy. Work 
is performed only when a force is exerted' on a body while 
the body moves at the same time, and in such a way, that" 
the, force has a component in the . direction- of. motion. Power 
is defined as the rate at which work is pir formed. " " V* 

S The^ available work provided bv heaf, pressure, mechanical 
energy, and electricity -is utilized in the built' environ- 
ment (as opposed to the natural environment) to .perform 
certain Vasks. These tasks include the production of human 
comfort, the maintenance of set environmental conditions 
within structures, the provision of lighting and communica- 
tions, the movement of p'eople and goods, and the removal 
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of waste products, Each of these tasks requires work of 
a particular type -and quality, but each task is presently 
provided with energy of many different types and often 
of .a quality^far in excess, of need," <■ j 

Energy, conservation isjiefined as a planning process . 
that emphasiz-es using'all the^available ^ork content of,, 
energy resources. The -a^vailablfe work content is ( called 
energy. * 

WHEfl DID THE CRISIS START? 

* 

in the United States, a new attitude is rapidly emerging 
cohcerniiig the production and use of energy. Although * 
various -consequenceso£ the so-called energy crisis have 
been predicted" for decides, the public has not taken the • 
problems seriously until the past few years. 

Inflation, rising ^utility costs, rationing, antf. gas 
lines have 'combined to demonstrate just hQW dep^denp the 
American system ,is on -energy. As a result, energy is one 
•of the most popular topics of discussion - and one of the 
most controversial. It will continue to be. 

Everyone is taking about" energy: ' consumers, politicians 
business persons, world leaders, and visitors to the. local 
Laundromat. The increased cost of energy seems to., be every- 
one's chief concern, rather than an overwhelming preoccupa- 
tion about limited supplies. Hbwever,. both concerns are 
equally valid. 

^Concern about energy-related topics is cross-cultural 
and international, And that concern, based o.n 'energy de- % 
pendence, did not evolve out of nowhere. . * 
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WHAT IS THE HISTORY OF ENERGY? 

Every civilization has something- in its literature* 
or history concerning energy. in'Gredfc mythology, for 
example., Prometheus st'oJe the'- fire.' of the gods to begin' 
civilization. In the Bible, the beginning was light. 
Throughout the ages, civilization's 'progress , has paralleled 
the^ development --of new uses of energy. , 

Petroleum was first found and used from surface pools 
by early civilizations for warmth, cooking, medicines » 
and other- purposes. The Chifiese drilled for oil and gas 
more than 2,000 years ago. Obviously ,' energy .has beeji 
here as long as the sun. Hopefully, energy sources will 
continue to be, around for some time to come. However 
the demand for energy ^has increased with eSch technological- 
advance in an 'upward spiral that shows no sign of slowing.' 



WHAT ARE THE FACTORS AFFECTING' DEMAND . FOR ENERGY? 

>. ' - 

• $here are /.several factors that affect, the total 'demand 

for energy: • per capita energy consumption, population 

and the world ' distribution, of energy sources. / Both per 

capita energy consumption and population are increasing. - 

Unfortunately, traditional energy sources are decreasing. 



P'EPv- CAPITA ENERGY CONSUMPTION 

A human. requires a certain amount of. energy in the form 
of food^ach day' in order'to exist. As humans progressed 
from one' state of civil ization to. another, their 7 per capita 

. - > ♦ 
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energy consumption^ increased. For example, prehistoric 
tribes needed only -energy from fooH; whereas, early agri-*^ 
cultural groups had to provide extra food energy for their 
animals.' The most dramatic increases in energy consumption, 
however, have come in the past few hundred years with iij- 
^dustri^l development in many nations. The per capita* energy 
consumption of various societies is illustrated in Figure 1. 
The number at the left of Figure 1 indicates the amount 
of energy individuals require in addition to food - energy 
for -transportation for Example . 
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Fi^ure 1. "Per Capita Energy Consumption 
* for Various Societies. 



Although tihe .populations of the earth are' in various N 
states of development, there is' a tendency toward indusr 
trializat;ion, and thereby, ^an increase in per capita energy 
consumption. .*To Illustrate the extreme, the per capital 
consumption o£ * eneVgy from all sources* in the United States* 
ig< more than 100 tidies what is required as food'. 
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POPULATION 



A,t the time of the Rpman^ Empire , the .population of 



the world was approximately ISO] million, with- an annual 
increase of about 0.07%, or abcjut 100,000 people. Due 
to a general increase in the qilality Of life * throughout 
the centuries, both the actual | population and the growth 
rate have increased. The world population is now abfcut 
four billion, wittt an annual increase of 21, or 80,000,000 
people. Figure 2 illustrates the growth of world population 
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. Figure 2. Growth of World Population. 

As a 'result of increased population and per capita \t 
consumption of energy, the demand fqr energy is increasing 
at a r r^te of^&bout A% annually. This means that demand 
fox energy - on a wbrld scale - doubles abou,t every 18 
years. Example A illustrates how an increase in per capita 
consumption and population can combine to drastically in- 
crease total energy consumption. „ 

Until only a short while ago, economists believed 
that energy input was proportional to productivity. In 
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other words, less energy input equaled less productivity 



However, from 1973 to 1978, United States industry 
reduced its energy use by 10% (about one quad*); produc 
tivity rose 12%. - t 



V 



•EXAMPLE A: ENERGY CONSUMPTION, 



/ 



Given r A country with a population of 1^,000,000 in 
1970 had a per capita energy consumption of 
50 ,000 Btus per day. Assume thaft the population 
increases by 30% in 10 years and the per capita 
consumption increases 40% ij*\the same time. 
Find: The total energy consumption from 1970 to 1980. 

'Solution: Population in 1980 = 10 ,000,000 + 3,000,000 
. * . - 13,006,000 people. 

Per capita in 1980 = 50,000 + 20,000 

= 70,000 Btus. x 

^ / 

Consumption fin 1970 = 10,000,000 50 , (TOO 

V" = 500,000,000,000 Btus/day.* 
Consumption in 1980 = 13,000,000 x 70,000 
I = 910,000,000,000 Btus/day. 



K ? 



During the 1940s and 1950s, consumption of energy 
in the United States increased by an average of 3.2% ,a 
year. During the 1960s, this increased to 4.3% annually. 



*A quad is the'* uni-t^eff measurement economists^ use when 
talking about global supply and demand. Quad stands for 
a quadrillion (1,000,000,000,000,000) British thermal units 
(Btus) of 'energy. 
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OIL 
EMBARGO 



Demand is presentl/y^'growing at a rate of about 5% annually. 

Increased demand has given America i)ot only the highest 
per capita income in the world, but also the highest per 
capita energy consumption-^ Historical energy consumption 
of the United States is presented in Figure 3. Energy 
is' measured in quadrillions of Btus (quads) . 
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Figure. 3 



Historical Total Energy Consumption 
in the United States. 



As a "tetter written to the New York Times recently 
expressed, "With less than 5% of the world's remaining 
reserves of proven crude oil, the United States now finds 
itself in the embarrassing, position of owning alnupst 40% 
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of the world 1 s passenger oars , and of consuming almost 
..60% of the world's gasoline." 



WORLD DISTRIBUTION OF ENERGY SOURCES 

More than 90% "of the energy consumed comes from fossil 
fuels. These fuels are unevenly distributed over the earth 
so far as use and population are concerned. At one extreme 
is the United States, with 6% of the world population con- 
suming over 30% of the energy. India, with Sbout 35% of 
the world 1 s population, consumes only i% of the energy ■< 

, In the past, d^veloped^ations were* able to obtain*' 
whatever energy sources were reqtK^ed rather easily -from 
other nations . As more nations became * industrialized and 
demand increased, the value of the limited fossil fuels 
became more evident. 

Continued dependence on foreign supplies of energy 
will eventually lead to a redistribution of wealth and 
influence. The future of the United States - or any other 
nation — will depe'nd upon its ability to effectively pro- 
duce, use, and conserve energy. Dependence of the United 
States on imported oil is shown in Table 1. 
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\ TABLE 1., ENERGY IMPORTS INTO THE UNITED STATES. 



r 



» 

Year 


Percentage of Total 
Oil Consumed 


- 1960 


5 20 


1970 


25 


1975 ' 


40 


1977 


so' 


1978 


■ 46 


1979 


45 


1980 (projected) 


45 



HOW DOES ENERGY RELATE TO THE UNITED STATES ECONOMY? 

'** . * • 

• United States energy investments will total' $6-5-0 billion 
(in 1975 dollars) over the next 10 years - if not more. 
Of this total, $370 billion will go for oil and gas; $250 
billion for electricity; and $23 billion for coal.. 

Roger Sant, former 4 energy conservation chief for the 
Energy Research and Development Administration, projects. % 
another kind of energy investment: a new $500 billion §'nergy 
conservation industry. This industry would be capable 
of producing (by 1985) the equivalent of* 17 million barrels 
per day of oil - a third of the needs of the United States. 
The key, to this would be increasing the price of all energy 
to the level of cost"~of iTicTementai-uddit ions to .energy 
supply. The consumer is now paying $3 per million Btus, 
Sant said, where the cost of marginal energy production * 
(the kind -that new supplies represent, whether from new 
technology or new exploration) is about $5 per million Btus. 
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It takes a considerable period of timet* to adjust the 
capital stock of the economy without major disruption of 
the flow of goods and services to our standard of living. 
Productivity is still linked to energy consumption in many # 
ways. Change must take place slowly. 

For example, it was in 1975 that Congress mandated 
that the automobile industry would produce, on the average, 
more fuel -efficient automobiles and that, gradually-, the 
efficiency would rise until in 1985 the average car being 
sold would obtain 27 1/2 miles per gallbri. 

At the time the legislation was passed, the average 
mileage being obtained by cars in the national fleet was 
approximately 13 1/2 miles per gallon. But by 1985, when 
the legislation takes full effect, the average of cars 
in the fleet will be approximately 20 miles per gallon. 
Consumer buying trends have had - and will have - an effect. 

In any, case, it will have taken a decade to increase 
fuel efficiency of automobiles by 50%. I,t is predicted 
that by 1992, the average of the* fleet wj.ll.be 27 1/2 miles 
per- gallon." It will, thus, have, taken 'better than 15 years 
to double the fuel efficiencies of automobiles . And similarly, 
with our entire capital stock, since investment is slow , m 
and. time consuming, changes must be worked out gradually. 

Gas ^currently provides a major contribution to United 
States energy supplies, accounting for approximately \26% 
of all energy consumed in the United* States . Gas supplies 
over half of all residences and commercial establishment^ 
in the United States, serving over 44 million customers. ^ 
Industry alsq depends very heavily on gas,* which accounts 
for over 401 of all fuels consumed/ 

Moreover, the Nation has a lafge financial coijimitment s 
to natural gas, with a total utility industry and consumer 
>, 

i 
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equipment investment of over $100 billion. Hal-£ of this 
investment is represented by over -one million miles of 
underground gas pipeline and main throughout the United 
States, The gas utility industry alone has an annual pay- 
roll of more^than $3 billion and a total employment in 
excess of 200,000 people. ^ 

The breakdown of fuel consumption in the United States ■ 
(summer of 1930) is Approximately 46% oil, 26% gas, 191 Q 
coal, and '9% other sources. Sixty- three percent of the 
total energy consumed by the people of the United States 
is consumed by business and government agencies; 371 is 
consumed by individuals. 

Of the top 10 industries, in the United States, ^six 
are oil companies and two are automobile manufacturers. 

Of the total available energy consumed by the American 
economy, almost half is' lost each year, in various conversions 
before it is\inally put to some^ final purpose. Some way 
must be^fodnd U> re^pture some of the 'tremendous amount 
Qf energy lost invthe generation-and-use process. 

Like it or nQtv supplies are shrinking - at least 
temporarily. And serdbus economic repercussions are always 
associated with shortages of critical material . In a very 
real setfse, the politicsXof 1 energy will be the guiding 
fo,rce behind the path ouriiation - and other nations - 
travel for many generations \to' came. 



WHAT FACTORS MUST BE CONSIDERED WHEN CHOOSING ENERGjY SOURCES' 

\ * * 

In the past, when necessary, technology has produced 
what was heeded. Where should energy come from j.n the 
years immediately ahead? No traditional dr alternate 
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energy supply ^ources offers a "free environmental ride . M 
Each has its environmental costs. 



FOSSIL FUELS i 

In the category of fossil fuels are petroleum, coal^ 
tar sands, oil shale and natural gas. 



uk 



Petroleu 

The petXofeum industry involves much moreVthan gasoline. 
About one and one-half million .people are directly employed 
in the industry.^ Another two million American are share- 
holders in just six large oil companies. Another 12 million 
Americans participate indirectly in -these six large companies 
through mutual funds and similar investments. Millions 
more own interests in smaller companies within the industry 
or in related service companies. s 

Pipelines have come a long way since' the first venture 
in 1865 in Pennsylvania. Technology has developed a superior 
refining industry. For example, in 1920^ a refinery could 
extract only 11 gallons of gasoline and related products 
from a barrel <}f crude oil. 

* ' Today, the yre#u is 19 gallons of -g^oline (on the 
average) Worn each 42-gallon barrel of oil. More than 
3,00to chemicals are made from oil 9 and g^s $orm the basis 
of the plastics industry for detergents, fertilizers, 
fabrics, and poibber. + 

Environmentalists' complaints abaut oil are centered on 
offshore production. The most v pervasive problems are (1) 
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damage to the coastal zone" through poor siting on onshore 
holding facilities; (2) low-level chronic \eaks from off- 
shore oil facilities; and (3) A^6asional blowouts-. 



Coal 



-The problems with coal ar^ familiar problems. ! 
Coal industry expansion will require huge sums of 
capital, as much as $25 billion at the extreme.. The c6al 
industry must have the. high profits and cash" flow required - 
plus an assured long-term market -before expansion of 
coal mining can meet spiraling energy needs. - 

Coal can be obtained -from tile earth in tw© way^s: sur- 
. face min-ing and underground mining. Surface mining involves 
upheaval of environmental surface, or land. Since most 
surface mining areas are remote ^jom areas, of use, transporta- 
tion (itself a pollutant) inexpensive. The major pollutant 
in coaT Is sulfur, and there are technological problems ' 
associated with making underground fining safe' and economical. 



s Tar Sands 



i 
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Tar sands are sandstone and -limestone impregnated » 
with heavy" crude oil. , The qualit^of the oil is^poor and 
is contaminated with minerals that must be removed. 

In additipn; technology for underground mining will 
% be expensive, and the cost competitiveness - compared to 
- petroleum •—•is uncertain. ' * 

The environmental problems are similar to those asso- 
ciated with oil sha;Le. 
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,t Oil Shale > 



Oil shale 4 is a finely grained rock that contains* mate- 
rial called keroge^n*. c •" . 

Kerogeri can be separated from the rock'by Heating 

* ' 
it to about 900°f^iji a limited ampunt of oxygen, a process 

* * r < * * 

called retorting. The* oiJ^ then must be refined to give 
synthetic oil arid gas. e 

However, the amount o% $il obtainable, from shale varies, 
and there are ,technological"problems and environmental 
concerns. **• , \\ * 

Oil shaie rock 3*xp%nds about 201 and cajinot be simply, 
placed back in the ground. Scientists are now experimenting 
with revegetation of the Vroc^c .gardens , M and there is'cqn- 
cern over whether or not the plants that do grow will have 
toxic trace elements absorbed- in ^the .vascular systems. 
The large amounts of water required in the minirig process 
£re chemically bound, wrtji the waste K minerals and cannot* 
simply be recycled.' 



Natural Gas' 



Wc/r] 



/rldwide, natural ga"S ^production ^t projected increases 
can last only until approximately 2020 — ' another '40 years.' 
During the 1970s , ^the ^ cost of drilling and maintaining 
gas wells increased rapidly.- t * 

Although gas is a clean and efficient* fuel for heating, < 
and many valuable byrprodcfctl £re 'obtained during production, 
domestic Applies ar£ . 1 jmit'ed and domestic production is 
decreasing .rather rapidly. • * , 

22 •' 



Page 18/EF-01 

O 

ERIC 



* The investment to deliver 16 trillion cubic feet of 
liquified natural gas, the lowest level that the Workshop 
on Alternative^ Energy Strategies- foresees foa 1 the year* 
200-0, would be '$70 billion (1975 dollars). Without long- • 
term/contracts and assurance of stability of supply and 
price at the wel'lhead, it is doubtful that the investment 
. will be made. 

Environmentalists worry about safety. Explosion o£ 
a gas tanker in a busy harbor would be a catastrophe, and 
is possibly more likely than a, nuclear accident. " 

1 

» 4 

NUCLEAR 

r 

j. Environmentalists believe that nuclear^power represents 
a premature development of a high technology that is too * 
expensive. socially. There is stili no established system 
to -permanently safeguard- radioactive wastes. Experts 
are still' divided 'over the safety of lightwater core cooling 
•systems; and the world can ill afford the dangers that 
illegal diversion o'f fissile materials poses. 

'In any case,*at the present time, little more than 
3% of power for the United States* energy needs is coming 
from nuclear plants. v ? 

r ' 



, GEOTHERMAL 




> 

The environmental problems stemming from the .develop- 
ment of geothe'rmal' energy, involve two questions: srte 
compatibility and operational effects. ♦ 
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Moreover, other, problems stem from the various phases 
of development, sudh as exploration, operation, and c^andon- 
ment of the site after operations terminate. 

Geothermal fluids are produced in the millions of 
galipns daily in a field that is operating. These fluids 
normally contain toxic substances like (ammonia , arsenic, 
boron, and mercury. Water and air pollution are problematic, 
as is Roise pollution (caused' by high-pressure venting 
of escaping steam). -The taking of fluids from under the* 
ground can also cause sinking of the land surface. 



SOLAR 



Most energy sources depend on the sun. However, solar 
has come to mean renewable resources like wind, sunlight, 
water, and biomass conversion. (The latter category in- 
eludes wood.) Some researchers feel that only direct s.olar 
qffers no environmental hazards or inconj£ejw^e**ee . 

However, solar does have its enemies, who believe- 
that solar energy converted directly to 'electricity or 
to commercially usable heat is potentially the most 'pollut- 
ing and ecologically threatening form of commercial powei^ 
being proposed. 

Advocates of solar power point to* an energy recovery 
factor of 5 to 101 with pride; 'those on * the other side 
scoff at the recovery efficiency. The 4 enemies 6f solar 
%also point out that direct -^conversion photovoltaic units 
will contain large tonnages 'of cadmium, dilicon, germanium, 
selenium, gallium, copper, arsenic, sulfur, and/or other 
conducting, semiconducting, and nonconducting materials f 
, of varying availability on world markets. Thermal -conversion 



Page 20/EFvl 



units will be made of thousands of . tons of glass, plastics, 
and rubber, and will house uncommonly great volumes of 
ethylene glycol, liquid metals,- Freon, and/or other heat 
movers . 

HYDROPOWER 

V ' i 

• Water power, major sources of. which are still under'- „ 
developed,* has an estimated potential of 10 6 . megawatts . 
However, this energy source is available only- in certain 
parts 'of the world. •' ' ' 

Since all conversions of energy result in thermal 
pollution, this is .also a problem witJihydropower . ' However, 
if ways of converting thermal pollution for* waste heat). , 
into additional usable energy were implemented, this 
•liability might become an asset. 

Sixteen percent of total electric power generated 
in the United States is derived from hydroelectric installa- 
tions. Canada l^ads the world with' 74.5% of its tota-1 
energy generated from hydroelectric facilities. ' 

Hydrogower offers continuous, low-cost power produc- 
tion - except during droughts. : K [ 

Maintenance costs are low, but there is a high initial 
cost .for construction. ' Reservoirs are capable of storing 
Urge quantities of water and can provide some flood pro- 
tection to downstream areas; however, flood protection 
can best be provided by an empty reservoir, and power pro- 
duction is best from a full reservoir. In any case, land 
that is suitable for agriculture is lost. In* coastal, areas,' 
like Oregon and Washington, the construction of dams pro- 
hibits upstream .migration of fish unless a fish ladder is' 
provided. T*his is a major threat to the environment. 

• „ . — / 
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TIDAL POWER 



?he largest tidal plant in the world is the Ranee , 
^Station, loca^axL-neair^T^rMalo , France*. The plant took ✓ 
Seven years to construct and has an average output of 65 
- Mw/hour - enough *power -for only 16,000 homes. In the 

United States, the onlj possible locations are the Pafesa'ma- 
quaddy* Bay region along the U.. S. /Canada border in Maine 
•and the Cook Inlet region'in Alaska. The site in Alaska 
does' not have a sufficient populat-ion to warrant a plant 
, in that area. 

However, a pLant" built in the New England area' would 
cost about a billion a doil,ars - plus the (post of distributing 
the power. Environmentalists complain that there would . 
be problems with area -fish, mammals, and waterjrowl. Even » 
tidal power has its environmental costs. ' 



V 



WHO WILL MAKE THE DECISIONS ABOUT ENERGY? 

t 

The waste of pl v enty a .ls fc 

the resource o£ scarcity/ 

T. L. Peacock/ Melincourt , Ch. 24. * 

y 

Major decisions about energy sources of the ^future 
will revolve around governmental funding for research and 
development. However - , the masses can make a difference'. % 
This difference will entail serious choices about energy. 

Everyone will be able to select the energy source 
(fuels) for a residence; some will choose energy sources * 
for the qlace of work, as well. In the future, these places, 
may be one and the same. . 
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However, it is in the area of iwrergy conservation 
where individual decisions will hale' the most impact, for 
each person is cap&ble^ .of saving energy. Of course, the 
best motivation for saving energy is saving money; less 
energy consumed means less money spent. 

Conservation decisions include transportation - choosing 
a car with more, potential miles per gallon, riding a bicycle 
when possible, or using foot power and many other either/br 
debates. Conservation decisions willlalso require ingenuity 
ways of using heretofore wasted materials' to provide for 
the common energy good. ' u 

In other words, an emphasis must be placed on utilizing/ 
the available work content of all energy resources. It 
boils - down to the old adage: Waste not, want not, is a 
law of nature. (John Piatt, Economy , p. 22) 

Basically, energy conservation can be -accomplished 
through^ energy management in four are^": (1) energy aware- 
ness, which means simply being aware of turning energy 
burners off when not in use; (2) equipment and facility . 
modification (utilizing engineering expertise to recover 
conversion losses or retrofitting existing structure-sjs 
(3) maintenance programs, where existing equipment is kept 
in top energy-saving shape; and (4) through power factor 
correction at the point ,of use, which can be accomplished 
by following the suggestions of . an energy technician. ' 

One*of the major energy education problems is that 
too-many people are making broad generalizations or predic- 
tions about energy without giving all the variables. 

Energy can be controlled. People cannot. ""But it 
is the people who will determine the direction that will 
be taken in the selection of energy sources. Energy has" 
to become very personal. 

O 7 
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Even so, this ' Nation 1 s immediate energy shortages place 
the responsibility of each individual, corporation, institu- 
tion, and association in an apparent ^dichotomy: 

fin the one hand, a reduction must be made in the appe- 
tite for energy so. that there is less dependence on fossil 
fuels and oil imports, thereby becoming , less vulnerable to 
pressure's affecting national security. m . 

At the same time, productivity, which has some correla- 
tion with the rate of energy consumption, must be maintained 
while using less traditional energy. 

The solution to this dilemma involves a commitment in 
two areas. 

• First, the long-range goal must be to develoj^and uti- 
lize alternate sources of energy. This step will mean a 
shift from a civilization based heavily on a single source 
of energy to one based more securely on many. Ultimately, 
this means a civilization founded once more on self-sustain- 
ing, renewable - rather, than exhaustible - energy sources. 

Secondly, the individual's response to achieve immediate 
results must be to utilize available energy more efficiently - 
to audit consumption and search out and eliminate waste. 

Both goals must b.e attained if there is to be more 
productivity, a high standard living, and the ability to 
do these things with less energy. 

And the process involved in making these transitions is 
nothing short of a revolution - an energy revolution. 

If the masses simply sit back and do nothing, like the 
grasshopper who fiddled while the ant worked, the future is • 
going to be a long, cold, winter. 

Individuals must commit themselves to the task of making 
wise -Energy decisions. For only through the making of wise - 
choices can it be ensured that the world's children are 
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not left shivering in blackened 'snow. 



For every evil under the sun, 
There is a remedy, or there is none. 
If there i§ one, Vv seek till you find it; 
If there be •non^ never mind it. * 



Mother Goose 



J 

» 



/ 




20. 
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EXERCISES 



1. As a futurist, write a paper describing, with documenta- 
tion, an energy Utopia, in the year 2100 A.D. 

2. Make a list of energy sources 'from which objects* in 

the classroom were derived. Include equipment (or parts 
of equipment), furniture, clothing, and so forth. 

3. Describe the socioeconomic factors in implementation of 
direct solar passive energy systems in new residential 

• housing as these systems relate to financing, labor 

force, community services, power, and equipment. As to 
' labor force, for example, if it were possible to use" the 
sun's energy directly, what new jobs would be available 
afl^l^Kat "former jobs would be reduced or eliminated? 

4. ■ Write a. paper on what effect biomass energy .production 

would have on the nation's agricultural community. N 
In what ways could individual small -"acreage '.farmers 
employ biomass techniques? 

5. Enumerate [several short-term national policy (energy) 
issues (between now and 1985) and indicate those rela- 
tively difficult . to soive in the short term. Prioritize 
in decreasing, order of difficulty. 

6. Write a pkper describing, with documentation, which 
energy source (or combination of sources) has the 

. greatest potential and the ieast unfavorable environ- 
mental impact over x the long term. Save the paper and 
write- another on the same topic at the conclusion of this 
course. Compare the two. 

7. As a consumer, survey the' current automobile market to 
determine which new car is most economical if purchased 
now and kept for five years. 'In addition to initial 
purchase price, project financing, and known maintenance 
costs, as well as projected fuel costs. Debate the 
subject in class. 
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INTRODUCTION 



This module presents an overview of the natural re- 
sources that have provided the world with most of i£s energy 
sources to the present. 

These natural resources are wood and the fossil fuels: 
coal, petroleum and natural gas. Oil shale and tar— sands 
may become more important sources of energy in the future. 

Fossil fuels were formed from the decomposition process 
of plants and animals that lived many years ago. §olar 
energy was stored as chemical energy during the process 
of photosynthesis. This energy can bb released during com- 
bustion and then converted to useful energy. Unfortunately, 
these fossil fuels are limited resources. 

. PREREQUISITES 



The student should have completed Module EF-01, "Energy 
Technology ." 

OBJECTIVES 



Upon completion of this module, the student should 
be able to: 

1. Describe how each of the fossil fuels is formed. 

2. Identify the primary components of each of the fossil 
fuels. , - 

3. Discuss, how each of the fossil fuels is', obtained from 
the earth. v 

4. Identify' the major areas of the world where each of 
the fossil fules' may be found. 

i 
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5. Discuss the present and future conditions of each of 
the fossil fuels in terms of supply and demand. 

6. Distinguish between present energy sources and futui^te 
(or experimental) energy sources. 

7. Discuss the present and future situations of each'of 
the fossil fuels in terms of advantages and disadvan- 
tages.^ ; . 

8. Iden'tify the following terms discussed -in this module; 



a . 


Lignit&V ^ 


b. % - 


Bituminous^ 


c . 


Anthracite , 


d. 


Oil shale 


e . 


Methane 


f . 


Surface mining 


g. 


Tar sands 


h. 


Petroleum 


i . 


Underground mining 


j • 


Energy sources 


k. 


Carboniferous Period 



\ 

\ 
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SUBJECT MATTER 



S'O'URCES OF ENERGY : I 

The history of the United States is- a story of tremen- 
dous growth in all areas of humart accompi ishment . Vast- . 
supplies of available natural' resources have provided the 

-energy to ach-i-eve--the highest standard'.of living in the 

world!- , * 

When <>he source of energy became scarce or expensive 
there wa<& always another- 'to take its place. Only recently 
have there been serious problems with- tfhas rather short-', 
.term approach. The changing trend of energy sources in - V 
the United States is' illustrated in Figure 1. * * - • 




1850 




_ 1980 




2000 



Figure 1. Historical Energy Sources for 

the United States. V 
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WOOD 



J 



. 'The earliest . source of energy" for mankind was> probably 
wpod. In fact, wood stilL/provides most of the energy for 
warmth and cooking in poorer irSftfipns- of the'world. It is 
not surpris ing ,that the 'f irst 'visitors # thought ( America 
to be a l^nk of plenty. v At that .time, natural reswnxes, 
like wood, with seemingly unlimited forests / appeared £q 
be' a cornucopia. • . * { 

During the first few centuries of European influence 

in the Americas, wood was the major source of energy. In. 

the* 1700s and*180Qs,' the typical American* h ome con sumed 
approximately 16-cords^of firewood a year. Since open J fife- 
placers are inefficient;* most of the energy was. lost up\he 
chimney. But since wood was so plentiful, this was of no 
concern. * ) s 

Wood* was* also the "major fuel'for American industry 
during that time. It was -used until the^v^d^le of the 1800s 
as the primary energy source for the railroads, river travel, 
mining operations, metal " refining, and for manufacturing 
processes. 

. * 
Today, wood is used in the United States mostly foy 

recreational or asthetic purposes, like outdoor grills or 

the psychological^ effects .of an open fireplace. Although' 

wood-burning stoves are becbming more popular, they present 

safety and pollution problems when used on a large scale. 

It is interesting to mention,,* however , that although the 

use of wood is presently- not even IS of the total energy 

consumption of the United States, contemporary wood use 

iS more than half the total 1850 consumption. 

The decreasing imp.ortance of wood as a fuel in the-^ 

United States and the rising importance of ^the fossil fuels 

is illustrated in*Table 1. * 
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. TABLE 1. SUMMARY OF ENERGY SOURCES IN THE UNITED STATES. 



Year 


Wood 


' Coal 


on 


Gas 


. Other 


1850 . 


> 90% 


10% ' 


0% 


" 0% 


0% 


I860 


83 


17 


0 v 


0 


0 


1870 


75 


25 


0 


0 


0 


1880 


58 


40 


' 2 • 

1 


0 


0 


-i890 


40 


57 ' 


2 


1 


0 


1900 


22 


71 4 




( 2 


2 


191 f)'. 

JL JL U " 


1 1 
1 1 


7 7 

/ / 




. 4 


3 


1920 


■ 9 


71 




5 


4 <- 


.1930 


V 


58 - 


22 


10 


3 


- 1-9 4'0 


'" 5 


50 . • 


29 


• 12' 


" 4 


1950 


3 


35 . 


37 


20 


5 


; I960 


0 - 


23 \ 


43 


51 ( 


3 


1-970 


0 


u(- 


-47 ■ 


3-2 


5 


1*980 


0 


19 . 


46 


26 


9 



v COAL 



Coal 'is the most " abundant fossil fuel found in the 
jJhited States., In 1980, it will supply about 19% of .the • 
total energy 'demand in the country. New technology will 
certainly result in a renewed importance of coal in the 
total ^nergy picture. 

/ > 

THE NATURE AND DISTRIBUTION OF COAL 

( - * 

Although sometimes called minerals, coals are formed 
..from the remains of plants and' are , ^ therefore , organic in# 

i 

• A 
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nature. Coals were formed 300 to 400 .million years ago 
during the Carboniferous Period when the earfh was hot and 
huihid and plant formation \^as favorable. 

During that time, thick forests and swamps covered 
much of the earth. As these plants, d v ied, they were covered 
by others; the ground became a thick layer of dead plants. 
As time passed, the part ially-pxe§erved plants were compressed 
to various ^degrees by other plants, dirt, gravel, and" the"" 
advances and recessions- of the oceans. 

♦ The type of material formed depended on the pressure 
and the time. Peat is formed quite easily. Peat is a .spongy 
substance, much" like decomposed wood. Although it is used 
&s a fuel iff some areas of the world, peat has more use 
in this country as a fertilizer. 

"The earl iest .type of coal formation, however, is usually 
called lig-nite. Lignite requires more time and pressure 
to be formed than peat. 'After a longer time, lignite Can 
be converted into bituminous coal. Bituminous coal is some- 
times called soft coal, since 'it can be broken easily. "Ex- 
tremely high pressures, continued for a long rime, 'are needed 
to produce anthracite , .or hard-coal. A comparison of the 
major types of coal is given in Table 2. * 



TABLE * 2 . TYPES OF COAL 



Lignite 



; soft and, crumbles easily 
*» high* injvol-a tile' oils; may; undergo sp3ntaneous 
^J^jmbus^on ^ 9 ] 

• low carbon content and heat vAltfe 
"• burns with a very smokey flame 
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Table 2. Continued. _ / * 

•• high sulfur and ash content 
•'difficult to mine 

Bituminous 

• solid, bjut easily broken 
j_ .... *^ contains .some volatile oils. 

v hi^h carbon content and good heat value K 
^ • contains appreciable amounts of sulfur 

• very easy to mine and readiiy available 

Anthracite 

• very'hard and brilliant 

• low in volatile'oils . 
.••high carbon content and excellent heat value 

• low' sulfur and ash content . . , 

• difficult to mine and relatively scaifte 
.•^j?urns with a clean-blue flame \ . 



Coal 'is the most abundant energy resource in the United 
States. ''About 3D% of 'the co^l reserves of th^ world are 
located in, this country. The Soviet Union has about 25%, 
China' 15%, -and Europe 10%, The worldwide distribution of 
estimated coal reserves is illustrated in Figure 2. 
m * The reserves of coal in the United States are shown - 

w 

in Figure^ 3., The states of Montana, Illinois, and Wyoming 
cqjnb'ined have more than half the country's coal reserves. 
The— states with most of the demonstrated * reserves are 
listed in 'Table 3 . 
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TABLE 3. DEMONSTRATED COAL RESERVES 
IN THE UNITED STATES. 



J la IC 


d l i i ions 


of> Tons 


Mon t ana 

1 IwJi ^ alio. 




1 L U . 0 


' Til i nn i ^ 




Oo . U 


If J Will JLllg 




rr * 

oo,4 


West V"i r?i n "i ^ 

II v J L V 1 1 g 111 la 




5 o . 0 


Penn^vl van i a 

JT WUUO JL V all la 




0 u . O 


i&en turkv 
Ohio 




if\ n 
^ o . u 

1 Q 7 

JL 27 • L 


Pnl T a n 




10, 0 * 


TnH T ana 
X 1 1 v_i lalla 




1 U . / 


IN U 1 Lil UaAU ta 




in l 
1 U , 1 


Utah 




0 • 0 


Alas ka - 




f\ 1 
\J • L 


Missouri 




5.0 


New Mexico 




4.6 


Virginia 




4.3 


Texas 




3.2 


Alabama 




3.1 


Iowa 




2.2 


Oklahoma 




1.6 


Washington 




1.6 


Maryland 




1.0 



DEVELOPMENT OF COAL 

Although many early civilizations have used coal to 
some extent for ceafcuries, it was not until the Industrial 
Revolution in England that coal became a heavily-used fuel. 
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For several centuries, England was the major producer 
of coal. Development and use of coal was delayed in the 
United States due to, .the availability of wood. When wood 
became scarce in the eastern part of the country and the 
efficiency of coal as a fuel was recognized, however, coal 
rapidly became the major source - of energy for this country. 
The present major producers of coal 'in the world are listed 
in Table 4 , \ 



TABLE 4. MAJOR COAL PRODUCINC COUNTRIES -1976. 



Country 


Millions of Tons 


Soviet Union 




786 


United States 




68 5 


China 




532 


East Germany 




..... _ . * 275 


West Germany, 




247 


Poland 




241 


Great Britain 




137 


• 

Czechoslovakia 




130" 


India 




116 


Austral ia 


i 


110 



At first, coal was used primarily fo.r railway and river 
transportation in steam engines. It was also realized very 
early that useful fuels of many kinds could be manufactured 
from coal. Kerosene, or coal gas, was made from coal in 
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the 1800s. *This M town gas !t (or "water gas") provided light 
and heat into' the early 1900s. ^ 

More than half of the coal mined in this country is 
presently used for the production of electricity by public 
utilities. Coal-fired plants burn large amounts of coal 
to *produce heat. The heat produces steam, which turns large 
turbines and generates electricity, fhe environmental effects 
of burning coal will, be discussed in a later module. 

Coal may be obtained from the earth in two ways: sur - 
face mining and underground mining . Surface mining is more 
productive but involves many associated cost problems. 
Most surf ace ■ mines are located in the western United States 
where transportation to the more, populated areas is very 
expensive. In fact, it is now cheaper for some coastal 
users of coal to purchase it -from Australia than to transport 
the coal from Montana and Wyoming. 

The major pollutant in coal is sulfur. Although western 
coal is low in sulfur, it is also low in energy content. 
Surface jnin jLngL of co al also i nv olves environmental proble ms, 
which will be discussed later. 

There /^re many underground coal miftes in the eastern 
United States. In addition to the higher sulfur content 
of eastern coals, there are many technological problems- 
associated with making underground mining safe and economical* 
Table 5 lists the major coal -Ifiining states. 

In 1975, coal production of the United States was about 
650 million* tons. At tHis rate of use, known coal resources 
would last about 600 years. But electric utilities use 
enormous amounts of coal*. In 1977 , approximately 710 million 
tons were mined and three-fourths of the coalftwent into 
generating about half of the electricity needs of the country. 
In tfre last decade* about five billion tons of coal have been 
used by electric utilities". x , 



Page 12/EF-.0 2 



TABLE 5. MAJOR COAL PRODUCING STATES - 1977. 



. State 


Millions of Tons 


Kentucky 


' 143 ■ 


West Virginia ^ 


95 


Pennsylvania 


83 


Illinois 


54 


Ohio 


46 


Virginia , 


38 


Wyoming 


35 


Montana, 


' 29 


Indiana 


28 


Alabama 


21 


Texas 


-M7 


North Dakota 


12 


Colorado - * 


12 


Arizona 


12 


New Mexico 


U 


Tennessee 


10 



Although this represents a considerable increase over 
the previous decade, it may not be enoughs Since the Arab 
oil embargo, the government has been trying to. influence 
industry and utilities to use coal, rather than oil or natural 
gas. It is predicted that the annual consumption of coal 
will increase to a minimum of one billion tons By 1990, 
and perhaps to three billion tons by the year 2000. 

At. the present time, through^research and development, 
an effort is being made to make more use of coal in this' 
country. New thrust is also provided by the realization 
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that the end of the petroleum era is imminent. The required 
technologies for coal gasification (gas from coal), lique- 
faction (liquid fuels from coal), and for producing clean, 
high energy solid fuel from coal, have been demonstrated 
in laboratories and in small pilot pla ks. These synthetic 
fuels, however, are not presently economically competitive 
with' oil and natural gas. Table 6 summarizes the future 
of coal in the United Stated. 



TABLE 6. THE FUTURE OF COAL IN THE UNITED STATES. 

« 

Advantages 

• Domestic sources of coal are vast. 

• Coal can be used as a base for synthetic fuels. 

• Technology is available for many new uses # of coal. 

• Advanced technology may reduce transportation 
costs. * 

• Smaller, more efficient' plants are being 
developed. 

Disadvantages 

• Air pollution controls are expensive. 

• Many "environmental problems are associated 
with mining, 

• Advanced technology is expensive, 

• The feasibility of* new fuels is uncertain. 
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PETROLEUM 

Petroldum is the major source of energy for the United 
States at th/e present Time . In 1980, petroleum will supply 
about 461 of the total energy demand of the country. It 
is a very versatile fuel. However, petroleum availability 
is limited in terms of new sources and world conditions. 



THE NATURE AND DISTRIBUTION OF PETROLEUM 



Petroleum was formed from the remains of tiny aquatic 
plants and animals in the sea. Over a period of time, these 
layers were mixed with mud and sand in payers of marine 
sediment. As time passed/ marine sediment was mixed and 
trapped in deposits. Petroleum is a fossil fuel since it 
is derived from organic matter. However, petroleum is some- 
times known as mineral oil, since it ia 'found with mineral 
deposits. 

Actually, petroleum is a mixture of many compounds\ 
Although different crude oils have varying compositions, 
they may all be refined or separated into useful fractions. 
In one process, crude oil is vaporized and then allowed 
to cool. Components with lower boiling points ],iquifv first 
and can be separated into common fractions. Ga'ses are con- 
densed and collected. The greases, waxes, anci asphalt sepa- 
rate from what remains. A line diagram of a refinery frac- 
tionating tower is shown in Figure 4, 

The various fractions obtained from petroleum have 
numerous applications. A j summary of these products and 
their' uses is given in Table 7, In addition to the fuel 
uses of petroleum, a large number of useful chemical and 
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CONDENSER 



COLUMN 



CRUDE OIL- 



GASES 



CZ 
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KEROSENE 

FUEL OIL 
LUBRICATING OIL 



FURNACE 



STEAM 



z 



RESIDUUM 



( 



Figure 4. A Fifcctionating Tower 'for 
Petroleum Refining. 



nonfuel substances 'are obtained. .Some petrochemicals are 
base materials for synthetic- rubber , drugs, plastics and 
fibers, detergents, and fertilizers. 

There is much energy in a barrel of oil. One, barrel 
of oil provides heat for an average home for a week in cold 
weather* One barrel* of oil can transport passengers in 
a jetliner from Chicago to Washington* Wh.en considering 
energy on a larger scale, however, the amount of oil b«eing 
required. is staggering.. For example, to run the city of 

♦ . -." \ 
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TABLE 7. COMMON FRACTION OF PETROLEUM. 



Fraction 


Uses 


gases 


liquid gas fuel 


p v e ur oieum etner/nap tna 


industrial solvent , 
Lighter fluid 


ga 5Q i me 


motor fuel 


kerosene 


diesel fuel , 
jet fuel 


fuel oil 


heating oil , 
diesel fuel 


lubricating oil 


motor oil , 
lubrication oil 


greases 


lubrication , 
petroleum jelly 


residuum 


asphalt, 


-I- ^ — 


tar , 

paraffin • - 



Baltimore for iyst 10 minutes, 1,000 barrels of oil are 
required. QxTthe other hand, the energy in 1 ,000,000 barrels 
of oil will supply the energy , requirements of California 
.•for only eight hours.* The supply of petroleum- is simply - 
,not keeping up with increases in demand, the United 

States, forjjxample, domestic supplies of oil must be supple- 
mented with petroleum imports, - v 

The Middle East has aVout 531 of the petroleum Reserves 
of the world. Africa .has 16*s^the Soviet Union 15%, and 
the United States has only 5%. Venezuela, Canada rEu N r ope , and 

* 
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Indonesia each haye about fe% . Mexico, the Caribbean, and 
* other South American countries hav.e abput 3%. The world- 
wide distribution; of petroleum reserves is illustrated in 
Figure 5. * 




•Figure S.'^^rldvtt^JJ^striJution of 
F<stfimated Oil Reserves. 
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THE DEVELOPMENT OF PETROLEUM 

Petroleum was fjirst found and used from surface poojs 
by early 'civilizations for warmth, cooking, medjcines, and * 
many other purposes'. Noah used pitch to caulk the ark. 
The -ancient Egyptians used petroleum as a lubricant. Many 
ancient civilizations used tar during warfare. In Medieval 
Europe, surface oil was used for illumination'. 

Most petroleum, however, is trapped underground and 
is not evident from the surface. Although the ancient Chinese 
actually drilled for oil and gas more than' 2,000 years ago, 
large scale production and use of oil can probably be traced 
to the first oil well drilled in the United States. The 
first oil well drilled in the United States was 70 feet 
deep, drilled in Pennsylvania in. 1859. In a short time-, 
a* thriving industry was built in the area rp refine the 
je'troleum and transport it to consumers. As the demand 
for oil increased over the next 50 years, new fields were 
located in West Virginia, Colorado, Texas, California, Ohio, 
Illinois, Oklahoma, and Louisiana. Oil technology advanced ' 
To that the crude oil could be obtained from depths of down 
to four miles. The ma jor- oil -producing states are listed 
in Table 8. 

The primary impetus to the use of petroleum was cer- 
tainly the development of the internal combustion engine, 
Until- that time, gasoline was considered a waste product." 
In 1900, 60% of the petroleum was used to produce kerosene. 
In 1975, 53% of the petroleum was used to- produce gasoline 
and less than 1% went to produce kerosene. The relationship 

?- 
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TABLE 8. MAJOR OIL PRODUCING STATES - 1975. 



$ 



* 




mill ion s ,di jbarreis 




Texas 


1,222 


• 


Louisiana 

• 


651 




California 


322 




^Oklahoma 


163 




Wyoming 


136 


*• 


New Mexico 


95 " 

/ 




Alaska 




✓* 


Kanasa 


59 




Mississippi 


47 - 




Utah 


42 




Colorado 


38 




Montana 


33 




Illinois 


26 




MLchAgaiDL , 


24 




North Dakota 


20 




Arkansas ■ 


16 
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of petroleum and industry is illustrated in Table 9. Of the 
top 10 industries in the United States., six, are oil companies 
and two are automobile manufacturers. 

By 1900, the United States exported about one-third 
of its oil. and remained the leading oil producing country 
for most of this century. In the 1970s, however, oil pro-- 
duct ion in this country dropped; demand increased. The 
Soviet Union and Saudi Arabia moved ahead in total oil pro- 
duction, and the United States imported almost half of its 
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TABLE 9. THE TOP TEN' INDUSTRIES 
IN THE UNITEJ) STATES - 1980. 



Conroanv 


, Assets in Billions 


Exxon 


25.0 


General Motors 


.19.5 


frlobil Corporation 


13.8 


Ford Motor Company 


13.1 


Texaco 


12.4 


Standard oTT of California 


10.0 


Gulf Oil 


7.6 


IBM, 


14.6 


General Electric 


12.0 I 


Standard Oil of Indiana 


7.5 



oil supply in 19 79. Major" oil-producing counties are listed 
in Table 10. . " 

, Future demand for petVoleum is expected to increase. 
More machines, heat energy, , and electric power are "needed 
for industry, agriculture, transportation, and business 
operations to maintain the pace toward a. higher* standard 
of living for most of the world's population. Great qua'n- 
'tities of petroleum will also continue to be required to 
produce lubricants and petrochemicals. Oil consumption 
in the United States may double by the end of the century. 
If is, therefore, evident^ that new sources of oil must be 
located,\more efficient recovery of known, deposits must 
be accomplished, and what oil is available must be used 
conservatively.. Easy-to-find supplies of oil are decreasing. 
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TABLE 10. MAJOR OIL PRODUCING COUNTRIES -,1976 



Country 


Millions of Barrels 


< Soviet Unicre 
Saudi Arabia 


1 TO? 

3,793 $ 

t ion 

3,227 


United States 


o c\ n r\ 
2 , 970 


I ran 


2,153 


Kuwait 


8 73 


Venezuela 




Iraq 


t r\ 

790 


Nigeria 


7 50 


United Arab Emirates 


710 


Libya* 


Ann 


China 


..618 


Abu Dnabi 


coo 

^ bo / 


Indonesia -* * 


5 51 


Canada 


A O T 

483 


Algeria 


70/1 


Mexico 


304 


Qatar 


178 


Australia 


156 


Argentina 


143 


Oman 


; 135 


Malasia 


132 


Egypt 


120 


Dubai 


' • "115 


Romania <* 


J 106 

/ • 102 


Norway 



v — 

► % 
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Other options and alternatives must be investigated at the 
same time. Table 11 summaries the future of petroleum in 
the United States . 



TABLE 11. THE FUTURE OF PETROLEUM , 
IN THE UNITED STATES. 



Advanta ges 

" — ' jj 

• Petroleum. is easily separated into many 
useful components . v 

• Petroleum is the base for m^st American 
industry. - N 

• Cost is still low compared to many 
alternatives . 

Disadvantages . ^ ' 

• Domestic supplies are very limited. 
' Import ed^oil as more expensive. 4 * 

• Imported &upplie£ are subject to world 
political situations.^ " . . 

• Eventually, -world supplies will run out. 

1 — ? 



NATURAL GAS 



.Natural gas is efficient for nesting and is relatively 
non-polluting. fn 1980, it will supply about 26$ of the 
total energy demand of the United- States . The major dis-* 
advantage is that there is not enough natural gas. 
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THE NATURE AND DISTRIBUTION OF NATURAL GAS * 

The major component of natural gas' is methane , a prod- 
uct in the decomposition of organic materials. Other gases 
present in minor amounts are ethane, propane and the butanes. 
Natural gas was formed during post geological ages and is 
usually found trapped beneath layers of rock (with petroleum^ 
deposits) . Most natural gas has been found at depths of 
1,000 to 18,000 feet, with over 60% found at depths greater 
than 15, 000 s feet . , * ' 

Natural gas burns with a pale blue* flame. When used 
in home heating, it is every efficient, since there is only 
one energy conversion involved. The efficiency of natural 
gas for heating purposes is usually greater than 60%; whereas, 
, heating with electricity £s less than 30%-ef f icient overall. 

In 1976, the estimated reserve" of natural gas in the 
United States .was 228 trillion cubic feet. This estimate 
was 72 trillion cubic feet more than was estimated in 1945. 
Since that t ime\^ numerous reserves haye been loeated in 
Alaska and offshore. Table 12 identifies the 23 states 
that have more than 200 billion cubic feet of natural gas 
in proven reserves. Note that the areas with large deposits 
of natural gas usually have petroleum, as well v 

v > 
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TABLE 12". MAJOR NATURAL GAS RESERVES - 1976. 



' State 


Billions ofCubic Ffet 


Texas 


71,040 


louis lana 


61,310 


Aiasxa • 


32,050 


uk i anoma 


13 , 080 


Actus a s 


12,660 


IN W IMCAICO 


11,750 


lai lio ru la 


s . 5,480 


Wyoming 


^ 3', 700 


west v Virginia 


2 ,310 




1 ,990 


lo i ora qo. 


1,890 


rennsyivania 


^ . 1,680 


i v i i c n i g a n 


1,610 


un ±0 


1,350 


Mississippi 


1,210 -' 


Montana , 


930 


Utah 


920 


Kentucky 


810 


Alabama' 


770 


North Dakota 


.420 


Illinuis ' 


380 , 


Florida 


270 


New York 


\ 220~ 

t 



57 
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THE DEVELOPMENT OF NATURAL GAS 

Natural gas is not a new fuel. ^Several early civiliza- 
tions used^natural gas for heat and light. / In the early 
1800s, a natural gas well 27 feet deep was drilled in 
Fredonia, New York. The gas was transported in hollow logs 
to the nearby town and used for lighting. Although recog- 
nized as a fuel, large amounts of natural gas were wasted 
during the production of petroleum. Due to problem^ of 
Storage and v shipping it was sometimes easier to simply 
burn off the natural gas that was found with oil. / In the 
early 1900^s, it was estimated that 90% of the natural gas 
was burned off from the oil fields of Texas and Oklahoma.. 

Since that time, the use of natural gas has increased 
from about 5% of the total United States energy consump- * 
t^Lon in 1920 to a maximum of about v 32% in, 1970. This is 
primarily a result of the development of more effective 
methods of exploration, mare efficient transmission lines, 
and extensive distribution systems. Although its percentage 
of the total decreased during the 1970s to 26% in 1980, 
% natural gas ^continues to represent a very valuable source 
of energy. 

A tested reservoir is an underground natural gas store- 
house that is producing gas. By drilling a number of wells 
in various places, geologists and engineers can make an 
estimate of what lies below the surface. Rock and sand 
samples brought up by the equipment are studied, and the 
size of the reservoir can be estimated; this method has 
proven to be an excellent one. 

During the 1970s, the cost of ga's wells increased rapidly. 
Since drilling to greater depths means more expense, the 
average depth of drilling actually decreased; still, the 

t - - _ - - - - ^ > 
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costs rose. In fact, some natural gas wells are still quite 
deep. The deepest well (in western Oklahoma) is six miles 
deep, . 

Raw gas from the wells must be purified before it can 
enter the pipeline system for distribution to r homes and 
factories. In this processing, some valuable by-products 
are recovered. The^ natural gasoline obtained is mixed with 
gasoline from petroleum to improve the starting properties 
of engines in cold weather. Ethane is used as a raw mate- 
rial in maTcing petrochemicals. Propane and butane are the 
failiar "bottle gas" and "tank gas" used in rural areas ' 
and for .recreational vehicles. 

Some gas fields also produce helium gas. Helium is 
used to inflate balloons and dirigibles, in welding (as 
a refrigerant for extremely low temperatures) and in atomic 
energy production.* 

Since production from existing domestic fields is de- 
clining, the difference must be made up in new discoveries, 
imports, and synthetic gas. Gas production on the North 
Slope of Alaska should begin in the mid-1980s. Imports frota 
Canada and Mexico will also probably increase. A summary 
of the future of natural gas in the United States is given 
in Table 13. 
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TABLE 13. THE FUTURE OF NATURAL GAS 
IN THE UNITED STATES. 

• Adv&ntages 

• Gas is a clean and efficient fuel for heating. 

• Many valuable by-products are obtained 
during production. 

Disadvantages 

• Domestic supplies are limited. 

• Domestic production is decreasing rapidly, 

• Increased use of imports will be necessary. 



OIL SHALE 

Oil shale is a finely grained rock that contains organic 
material called kerogen-i This solid material- is also a 
fossil fuel that was formed at the bottom of prehistoric 
lakes and seas. Oil shale- is frequently found in dolomite, 
calcite, quartz, and clay deposits. Over the ages, however, 
geological conditions were not severe enough to convert 
'k L erogen to natural crude oil, Kerogeh may be separated 
from the rock by heating to about 900°F in a limited amount 
of oxygen. This process is'called retorting. m After cooling 
and purification, the dark brown viscous oil may t be refined 
to give synthetic oil and gas. 

. The amount of oil obtainable from shale varies. Some 
deposits in the western part of the Soviet Union yield more 
than 60 gallons per ton of shale and can be burned directly. 
Shale in the western United States yields about 25 gallons 
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per ton; whereas, shale from Michigan averages about; 15 
allons per ton. 

C The amount of recoverable shale oil in this country 
has been estimated to be greater than the proven- reserves 
of crude oil. The region of most significance in the United 
State? .is the Gfeen River Formation of Colorado, Utah, and 
Wyoming. Perhaps 600 billion barrels of oil could be re- 
covered in the future, which would be about one- third of 
the 1,800 billion barrels in place atthe*site. However, * » 
this future development would be dependent upon the develop - 
ment of new technology to remove the oil. 

In Michigan, there i.s a large deposit of low-grade 
oil shale. , Gasification is considered the best method for 
retrieval of this resource. Although the approximate poten- 
tial yield is 3,000 billion-barrels of oil, many new methods 
,jnujst be developed for. recovery to become feasible. 

In addition to technological problems, there are several 
environmental concerns. Since oil shale rock expands by 
about 20% when processed to release the kerogen, it cannot 
simply be placed back in the ground if extracted by strip 
mining. The government has provided funds to scientists 
in Colorado to test Various .grasses, shrubs, and yascular 
plants in special research shale "rock gardens. M Each gar- 
den will -be covered with the'crushed rocky wastes left from 
processing oil shale. Perhaps this will be a significant 
way to, revegetate the lands disturbe4 by oil shale develop- 
ment. 1 v 

In another sti^dy, ecologists will analyze plants. grown 
on oil shale wastes to determine the amounts and types of 
trace elements absorbed in the vascular systems of the plants 
Both these studies will provide information on potential 
effects of future oil shale development. 
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* * In addition, present techniques require large amounts 
of water - -Which is already scarce in the Green River Forma- 
tion. This water cannot be recycled easily because it is 
chemically bound with the Waste minerals. The disposal 
of this water presents a gigantic environmental problem 
by itself. 

Although some proposals have b*een suggested fox gener- 
ating the oil at the site underground and associated air 
pollution, could be controlled^ the fixture is unclear. 
Table 14 summarizes the future of oil shale development. 



TABLE 14, THE FUTURE OF OIL SHALE DEVELOPMENT 
IN 'THE UNITED STATES, 



Advantages * * f 

• Domestic and world resources are vast.- 

• Technology Is presently being developed. 

Disadvantages' '' 

• Technology will be' expensive , 

• Disposal problems are associated with pro- 
cessed shale rock. • 9 

• Large amounts of water*are required, 

• Air and water' pollution problems are gjreat, 

• Cost competitiveness, compared to petroleum, 
is uncertain. 
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TAR SANDS 

Tar sands ; or oil sands, are sandstone and limestone 
reservoirs "impregnated wi-th a heavy crude oil.* These deposits 
are usually Jfou nd near the surface as large swamps of Hn.e 
sand and clay with an asphalt-like tar known as bitumen. 
The oil is so dense that it cannot be obtained through a. 
well by conventional -drilling. These deposits may, however, 
be mined and heated to recover "the "trtlT" Another recovery 
method is to warm the oil in the ground with ste'am and then *' 
puirtp it out. . # 

The most extensive deposit of tar sands in the world 
is located in the northeastern part of the Canadian province . 
of Alberta. In South America, there are vast unexplored 
, tar^.sand deposits. The largest deposit is protfably in Vene- 
zuela, but. other large formations are found in Brazil, \ 
Argentina, Columbia, Ecuador, and Peru. ' 

Numerous smaller deposits of tar sands can be found 
in the United States. Many of these were -quarried and sold 
as /'asphalt rock" for paving material used in roa^d construe- * 
tion during the early part of the *1900s< The largest de- 
posits of tar sands in the United States are located in 
Utah. Minor deposits' of -tar sands are also found" inr-Kentrucky , 
Oklahoma, Kansas* Montana, Missouri, New Mexico. Wyoming, 
Alabama, Arkansas, Louisiana, and Texas. 

Several projects are currently underway in Alberta 
to produce oil from tar sands. Although in the next Several. - 
-years ^onsi^"6rabTe^amounts of oii will be produced, there- 
are many problems associated with^the removal' of oil from 
tar sands. Table 15 summarize^ the future \>f tar sands. 
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TABLE 15. THE FUTURE OF -TAR SANDS DEVELOPMENT. 



Advantages 



• Technology is available for surface mining.' 

Disadvantages 

Technology for underground mining will be 
expensive . 

• Quality of oil is .poor . 

• Oil 'is contaminated with, minerals that 
must be removed . 

• Environmental problems are similar to oil 
shale . „ 

• Cost* competitiveness , compared to petroleum, 



World resources are vast. 




/ EXERCISES 



1. % Identify the 50 states on. a ^lank map of the United 

"States. 

2. Locate the top ten coal -produc ing nations on a world 
map. See Table 4. ^ 

3. , Locate the top 25 oil-producing countries oji a world 

map. See Table 10. 

4. Locate the 13 OPEC nations on a world -map. They aje: 
Algeria, Ecuador, Gabon, Indonesia, Iran, Iraq, Kuwait^ 
Libya, Nigeria; Qatar, Saudi Arabia, United Arab * l/ 
Emirates, and Venezuela. 

5. Expand on the advantages and disadvantages listed for 
the fossil fuels x &iscussed j n t his mo-able by citing 
specific examples. 

6. .Start a collection of current news articles concerning 

the present'* and future of fossil fuels. 

7. Construct a graph using the data in Table 1 to show 
the trends in energy use in the United States. Plot 
ye ars o n tke horizontal axis and percentage of the total 

^ energy on the vertical axis. Extrapolate to'* the year 
.2000 to predict what the .future might be like. 



\ 
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ENERGY TECHNOLOGY 

CONSERVATION AN& USE 



FUNDAMENTALS OF ENERGY TECHNOLOGY 




MODULE EF-03 ' 
SOURCES OF ENERGY IE 




ORD 



CENTER FOR OCCUPATIONAL RESEARCH AND DEVELOPMENT* 



) i INTRODUCTION 

— ' ' . ! I 

x^Th^rs module presents an overview of the energy sources^ 
that are presently being developed. or being considered far \ 
development as future energy alternatives' to the fossil ^ 
fuels. Although the fuels for 'nuclear fission are limited, 
the other methods discuss.ed are ^either practically non- 
depletable or renewable. * *^ 

M 

There are many problems associated with these newer 
spurces of energy. It is unlikely that any one source will 
be the single answer for the future. On the contrary, many 
of these new sources will combine to provide increasing * 
amounts of energy to supplement fossil fuels during v the next 
several decades. , ■ 



PREREQUISITES 



. / 



The student should have completed Module EF-tiZ', ^Energy 
es I." • \ " \. 

6BJECJ1VBS 

" — r — ^ 

Upon completion of this module, the student should be 
able to^ v * * 

1. Discuss the present and future conditions for $ach of 

the sources of energy presented in this module; 
l. % Discuss the advantages and disadvantages of each of the 

sources of energy presetted in this module* . 
3. Discuss how each of the sources of energy presented in 
this module might be used to reduce dependence on fos- 
sil fuels. * 

« 
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Identify the following important terms: 



a . 


Nuclear fission 

» 




b ., 


Neutron 




c. 


Uranium- 235 




d . 


Light water 


- 


e . 


t 

Heavy water 




f . 


Boiling water reactor (BWR) 


• 


g. 


Pressurized water reactor (PWR) 




n . 


High- temperature gas -cooled reactor 


(HTGR) 


i . 


Helium 




j - 


Fertile material 




K . 


Liquid-metal fast breeder reactor 




1 . 


Gas -coo led "breeder reactor 




m. 


Molten-salt breeder reactor 




n . 


Nuclear fusion 




o . 


Plasma state 




P. 


Magnetic containment 




q. 


Inert ial containment 




r . 


Active solar system 




s . 


Passive solar system 




t . 


Ocean thermal energy 




u. 


Aeolian energy 




V . 


Geothermal energy 




' w. 


Hydrothermal- reservoir 




X. 


' ^Qeopressured reservoir 




y. ^ 


Hot-rock system 




z . 


Hydroelectric power 




aa . 


Tidal plant 




bb. 


Biomass 
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SUBJECT MATTER 



SOURCES OF ENERGY: II 

Except for nuclear fuels, the sun is the original source 
of energy for the earth, either directly or as stored energy. 

In terms of energy, everything goes back to the sun. 
Figure 1 illustrates that on,ly a little of the total sunlight 
that reaches the >earth is used to produce fossil fuels. 
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Figure 1. Distribution of Solar Radiation on the Earth. 
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As a result, the world is consuming these fuels approx- 
imately 50,000 times faster than fossil fuels are being 
produced. Although nuclear and the <fossi-l fuels continue 
to be used, now is the time to investigate the other 99 • 999 ! 
of the energy that falls on the earth. 



NUCLEAR ENERGY 

NUcLear energy haS become an important source .of energy 
over the past decacfe. In 1980 , nuclear energy will supply 
about 4% of the total energy demand for the United States. 
Most'of this energy is used to t produce electricity. Although 
there is considerable controversy concerning the continued 
use of presently existing nuclear plants, future technology 
promises many new ways to use nuclear energy. 

NUCLEAR FISSION 

In nuclear fission , the nucleus of a heavy atom is v 
split into two or more fragments. Although the reaction 
starts by the absorption of a neutron, more neutrons are 
produced in the process- These neutrons can then cause 
more reactions to oqcur and<a chain reaction is established. 

Each fission is accompanied by the release of a tremen- 
dous amount of heat. The heat released may be converted to 
useful forms of energy. The fission process is illustrated 
in^ figure 2 . t 
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Figure 2. 'Nuclear Fission Reaction's. 



The fuel most commonly used for nuclear fission .is 
uranium-235 . Although this isotope of uranium occurs natu- 
rally, it is not found in its pure state. Natural uranium 
deposits are composed of about 991 uranium-238 and less than 
1% uranium-235. \ 

v In order to be used in a nuclear reactor/; uranium-235 
must be concentrated or enriched to increase the content of 
fissionable material. This procedure is complicated and 
expensive. A synthetic element, plutonium- 235 , can also be 
used as a fuel. This .isotope is made by reprocessing ^spent 
uranium fuels . 

Most of the uranium in this country is found in the 
sedimentary ,rock formations of New Mexico and Wyoming. The 
uranium in the United States accounts for about 85% of the 
known domestic reserves.- h 
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FISSION REACTIONS 



Although there are less nuclear plants in operation 
than were projected several years ago, there were 72 plants 
operating in 1979 - and 91 additional reactors in various 
states of construction. The technology necessary to control 
fission in nuclear reactors is well-established. In 1977, . 
there were 65 reactors operating in the United States, supply- 
ing more than 12% of the electricity demand of the country. 
If this electricity were produced by oil, the amount of im- 
ported oil would have to be almost doubled. * 

Fuel is the only difference between nuclear power plants 
and conventional power plants. Conventional plants burn fos- 
sil fuel. Nuclear power plants burn uranium in the core of 
the reactor. The heat generated is converted to steam and 
then used to run a turbine and generate electricity. 

Most of the reactors constructed are called thermal 
reactors. Selection of the coolant and moderator determines 
thermal reactor type. The coolant is used in the heat ex- 
change process. The moderator is used to control the reac- 
tion of the fissionable* fuel in the core. A majority of the 
reactors in the United States use water as both the coolant 
and moderator. In Canada, reactors are cooled and moderated 
by heavy water. Ordinary water is termed " light water . 11 

There ^are two basic designs for light-water reactors: 
the boiling .water reactor (BWR) and the' pressurized water , 
reactor (PWR)* A boiling water reactor is pictured in Fig- 
ure 3. Water is pumped through the reactor, which is at a 
u temperature of about 600°F. Steam is formed at a pressure 

of about" 1 ,400 psi and is used directly to drive the turbine. 
Figure 4 shows a pressurized water reactor. Water unde*r a 
high pressure is pumped through the reactor and heated. 

i 
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Figure 3. Boiling Water Reactor System (BWR) 
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Figure 4. Pressurized Water ' Reactor System- (PWR) 
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Heat obtained in the primary loop is removed in the steam 
generator. This steam drives the turbine. 

Another type of reactor is the high- temperature gas - 
cooled reactor (HTGR) . This reactor- is diagrammed in Fig- 
ure 5. Helium under pressure is the coolant that is pumped 
through the reactor. f The uranium- thorium fuel used produces 
a higher temperature and the helium is 'heated to 1 ,400°F. 
The heat absorbed by the helium is then removed in the steam 
generator, forming steam to drive the turbine., 
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Figure 5. High-Tempe-rature Gas-Cooled 
Reactor System (HTGR) . 
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BREEDER REACTORS 

Breeder reactors are similar irf overall operation to 
fission reactors. During the reaction process, however, a 
nonfissionable substance (called a fertile material ) is con- 
verted into a fissionable isotope. This means that more 
than one of .the freed neutrons must be absorbed by an atom 
of fertile material for each neutron absorbed by an atom of 
fissionable material. If less than one new fissionable atom 
is produced, the amount of fuel decreases and %he reactor 
is known as a converter or burner. Some reactors can pro- 
duce some new fuel. These are known as advanced converters. 

In a true breeder reactor, the average dumber of neu- 
trons released in the fission of a single atom must be 
^greater than two. One neutron is required to form another 
fissionable atom and one neutron is needed to carry on the 
chain reaction. - Any other neutrons can form extra fission- 
able atoms/ Table 1 lists the average number of neutrons 
produced per neutron absorbed .by^ different fissionable mate- 
rials* Thermal neutrons are low-energy neutrons produced * 
in thermal breeders. High-energy or fast neutrons are in- 
volved in fast breeder reactors. 

TABLE 1. AVERAGE NUMBER OF NEUTRONS PRODUCED 
PER NEUTRON ABSORBED. 



Fissionable 
Isotope 


Neutrons Produced Per 
Thermal Neutron 


Neutrons Produced 
Per Fast Neutron 


2 3 3 u 


2.3 


2.. 3" 


23S U 


2.1 '. ' 


2.1 


*39p u 




2.4 


2-i pu 


UH - 


2.7 


A 

• 


* 

ty,* 
• U 
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Two factors are used to evaluate the possible perfor- 
mance of a breeder reactor. The breeding ratio is the ratio 
of new fissionable .material produced to the fissionable 
material consumed. The doubling time is that time required 
for a breeder to produce enough new material to fuel a sec- 
ond reactor. TheN^/o basic breeder mat erials-> systems are m 
shown in Table 1 2 . 



TABLE 2. MATERIALS USED AND PRODUCED IN 
BREEDER REACTORS.- 



Fissionable 
Material Used 1 


Fertile 
'Material Used 


Fissionable 
Material Formed 


2 3 9 Pu 
2 3 3 U 


2 3 8 u 

2 3 2 Th 


2 3 9 Pu 

2 3 3 u 



* There are three types of breeder reactors: the liquid - 
metal' fast breeder reactor (LMFBR) , the gas-cooled breeder 
reactor (GCBR) , and the moJten-salt breeder reactor (MSBR) . 
Both the GCBR and the MSBR use the uranium- thorium fuel 
cycle and are thermal breeders. The LMFBR is based on the 
plutonium-uranium cycle and has the highest priority of the 
breeder reactors 4 . 4 

A. diagram bf LMFBR is shown in Figure 6. Liquid sodium 
is pumped through' the reactor and heated. In the heat ex- 
changer, the-hot liquid heats more"* sodium solution in the 
second loop. The sodium in the second loop then heats the 
water, forming steam that drives the turbine to generate 
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electricity. The major interest in the LMFBR is due to a 
breeding ratio that may be as high as 1.4 - wijh a doubling 
time of only 10 years. 

Primary loop seconoary loop steam line * 
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Figure 6. Liquid-Metal Fast Breeder 
Reactor System (LMFBR). 



There are presently many problems associated with con- 
tinued use and development of nuclear fission. The mishap 
at Three Mile Island in 1979 created widespread concern 
about nuclear power in general. Concerns over controlling 
large amounts' of plutonium have resulted in delays in ie- 
search and development of, fast breeder reactors, 'safe trans 
portation and disposal of toxic radioactive waste is still 
uncertain. In addition, there may not be enough uranium. to 
fuel the reactors that are presently under construction for 
very m*any years in the future. If breeder reactors are not 
developed, there may be many nuclear power plants idle for 
lack of fuel. ' - 
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The future advantages and disadvantages of nuclear 
fission as an energy source in the United States are sum- 
marized in Table 3. 

) 



TABLE THE FUTURE OF NUCLEAR FISSION IN 

W THE UNITED STATES. 

Advantages 

V 

• Technology is already developed for nuclear 
f iss ion . 

• Nuclear reactions produce tremendous amounts 
of energy. 

• Nuclear energy is easily converted to electri- 
city. 

• Breeders may produce more sources of * fuel. 
Disadvantages 



Problems are associated with disposal of -x* 
wastes . 

Breeder technology is falling behind* other 
countries . 

There may be shortages of uranium fuel. 

*r 

Public confidence in nuclear energy is at a 
low point . 

Problems are associated with transportation 
of materials. 
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NUCLEAR FUSION 



% Nuclear £usixm involves the* combination of small atoms 
into larger ones. Tremendous amounts of energy are released 
in this process, even more than in nuclear fission. ThesJ* 
reactions, however, can occur only in the plasma state - 
which is how matter exists at very high temperatures of hun- 
dred of millions of degrees. These reactions are like those 
that occur on v stars or in nuclear explosions. Several pos- 
sible fusion reactions are illustrated in Figure 7. 
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Figure 7. Fuel' Systems for Nuclear Fusion. 

Fusion uses fuels that are, for the most part, inex- 
haustible. There is enough deuterium in ocean' water to 
provide energy for hundreds of billions of years! In addi- 
tion, fusion reactors will not contain the huge amounts of 
radioactive materials characteristics of fission reactors. 
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Since no critical mass is involved, any malfunction would 
destroy the plasma and simply ( s^op the reaction? 

The feasibility ofyfiuclear fusion was first scientifi- 
cally indicated in the 1930s. To date, however, the only 
self-sustaining fusion reaction demonstrated hDas been the 
explosion of a hydrogen bomb. The main problem is that it 
is still not known if the process cost can bet made econom- 
ical. — ^ 

Research has taken two approaches: magnetic contain - 
ment and inert ial containment of the plasma. In the first 
approach, the charged plasma *is suspended in a large elec- 
tromagnet. Maintaining these high temperatures necessary 
.for any length of time is not yet possible. Future research 
and technology may result in huge installations that ar.e 
practical only as the source of large amounts of electrical 
energy. ^ 

At the Los Alamos Scientific Laboratory, research is 
investigating inertial containment. ,High-energ)^laser beams 
are used to compress tiny fuel pellets to high densities 
and pressures.. 

The energy released in ea'ch explosion will be relatively 
small, perhaps the equivalent of a gallon of gasoline. But 
the process will be pulsed, with one small explosion follow- 
ing another. Recent projections for laser fusion are opti- 
mistic — if increased technology can continue to lower the 
cost of thej>rocess. This process is diagrammed in Figure. 8. 
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Figure 8." Laser Fusion. 



There has been much government support for fusion re- 
search during the last two decades. Th'e use erf fusion for 
electrical power could'be. demonstrated by 1990 and the ac- 
tual operation of large scale reactors by th^year 2000. A 
summary of th'e future of nuclear fusion is giv^h-in Table 4, 



TABLE 4.' THE FUTURE OF NUCLEAR FUSION IN 
* . THE 'UNff TED STATES. 



Advantages 

• Nuclear fusion is thfe source of' t rejnendous 
amounts of energy^ 

Fuel for nuclear fusion is virtually unlimited. 

k 

• No radioactive wastes are produced. 



Disadvantages 



4 



Commercial feasibility is uncertain for % tKe 
future. 
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SOLAR ENERGY 

No source of energy is as clean, nondepletable , and 
attractive as solar energy. Use of solar energy requires / 
no mining or. drilling, produces no pollution or waste prod- 
ucts, and' is always possible to some degree everywhere. 

Historically., solar energy has placed a vital role in 
• c "the growth of .civilization . Up to the 20th century, for 
« example, it was the wind that propelled most bf the ocean 

„ ! vessels of the world; Until the 1040s, the wind provided 

water for tens of thousands of American homes. Solar clothes 
dryers continue 4 ta 'be popular in some areas. Ironically, 
low cost fossil fuels drove wind-generated water production 
• out of business. 

r - . The «se*bf solar energy in all its forms is certainly 

the- most popular, of the energy options for the future. 

' %. • - . 

DIRECf SOfeAR 

* • • 

*i\t "the present time', the best way to take advantage 
of direct sunlight is for hoifle heating and* cooling. The . 
xoof of k'n average home- receives about si* times the sun- 
1-ight needed for trie's e purposes. Efforts have been made in 
. [ producing e.ffieient solar space $nd water .heating r and solar 
j." cooling systems.- G> 

Soljar systems are termed either '"active 11 or "passive." 
; . En 'an active solar house, dner,gy is- collected by solar col- 

/' ... v . lectors that 'are. loca.ted on the xo*>C The heat, energy is 
v - 4 i * carried awpy by* 'water or air" and transferred A to, -a. large x 

*.v st.ar.a^ge system. Energy is^ £hen circulated throughout* the 
• v. ' house" when, accessary by either a^ot -water orJiot'-afr system. 
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r In a passive system, there is no circulation to a 
storage container. Houses using a passive solar system 
are generally found in the Sun Belt of the- United States'. * 
Figure 9 illustrates the feasibility of such systems 
.in homes in the United States. The northern third df the' 
country could use direct solar -as a supplemental source of 
energy, but would require conventional systems for the ma- ' 
/ jority of energy needs. The middle third of the country 

could use solar as a major source of energy, but would. still 
require a conventional auxiliary system. Homes in the south- 
ern.third of the United States could be powered almost com- 
pletely by direct solar. ' •» 

During the past decade, many projects have been under- 
taken to make efficient use of direct sunlight for home uses. 
$ At the University of Delaware, for example, work is being 

conducted on Solar One, an experimental solar-powered house. 
Solar C$e is a' rooftop unit that combines a solaf thermal 
collector for heating and cooling with solar photovdlta^c 
. devices for electricity. Approximately 90% of the household 
'energy requirements can be met with this active solar system. 
This. combination of collection and storage should produce an 
overall efficiency of about 60% conversion. The major dis- 
advantage of such an efficient activ^ solar system is cost. 
Installation of this active system would "increase the cost 
of a home tremendously. 

One of the-major problems with- direct solar is that.it 
. is rather dilute and it is difficult to make it. economically 
feasible on a large scale. Although the total energy that 
falls on the upper atmosphere of the earth is gigantic, a^ 
.third of it is reflected away. The actual amount to fall on 
a given portion, of the earth is dependent upon the latitude, 
• season, and local weather conditions. ' - 
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The average energy that, falls on a square yard of the 
surface of the earth is just enough to power, a 200-watt.. 
light 'bulb. Although' this by itself is not very much energy, 
the possibilities add up when the total surface area of the 
world is considered. The average energy 'consumpt fon of the 
United States is ^bout one kilowatt per"acye. i Sunlight ab- 
sorbed at grouhdHeve^ couFd* theoretically supply about 800 
kilowatts per acre. . * « 



SOLAR TECHNOLOGY^. ' 



A solar* technology industry is rapidiy developing in 
the United States. Solar cells are presently on the market \ 
for a wide variety of uses. ..Silicon photovoltaic cells ha^ 
.been employed in camera light meters and to gejfer^te elec- 
tricity for spacecraft. Photoelectric cells are ulso used ' 
in communications and signaling equipment throughout 'the 
world. ' * * 

Although. the basic concepts are well -understood for : 
many applications to* solar energy, the development of the 
technology required is hindered by large' production -cost. - * 
factors. . . 

A more futuristic ide-a has, been proposed by ,majiy others. 
Sofhe projections have been worked out by the Arthur D. Little 
Corporation. A satellite wi,th wing-like solar, panels up to 
three miles long cfiyld be placed into or£it >roout 22,, 000 
miles abiDve the £§£tjLto collect energy from sunlight. This , 
fixture would provide constant energy and 'would receive con- 
siderably more energy than a.eollection system based- on the 
earth. The elective energy would then be converted to micro-* 
wave radiatipn and beamed to earth where it would be collected 
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and reconverted/ This satellite would be about 10,000 times 
larger than any previous satellite that has been placed in 
.orbit* Although the costs for this new technology would 
certainly be staggering, many scientists predict that this 
is the only way that e^cu^gh energy can be supplied for the 
earth in the next century, - ^ 

• ' 1 

OCEAN THERMAL ■ . . 

The larges ^collectors of solar energy are the oceans, 
which comprise 70% of the surface of the earth. Enormous 
— %uant~it^ies of solar energy are collected and stored in the 



oceans, 'Each year, the sun 'provides the earth with thousands 
of times as much energy as is consumed. It also melts the 
ice caps at the North and South Poles, creating deep, co.ld ' 
ocean currents that. flow toward the equator beneath the 
warmer upper ocean layers. This temperature difference is 

» the soU[rce of potential ocean thermal energy , 

An excellent area, for ocean thermal energy is located 
between the two tropics, Cancer and Capricorn, where 90% of 

> the surface area is water. The surface .temperature of the 
water there is around 80°F all year*, deeper water is about* 
35°F, An ocean thermal energy converter plant could be 
located to work in this temperature differential of 50°, 
The potential energy stored in fhis area alone is phenomenal*. 
The Gulf Stream, for example, carries billions^ of cubic 
feet of .seawater through the- Gulf of Florida per second. In 
the Gulf Stream, ocean thermal units could be* placed a mile 
or so apart. Operation at an > efficiency of only 2% could 
produce more than 1Q times the total consumption of elec-' - 
tricity of the United States in 1980. 
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The technique of converting the thermal energy of the 
oceans into electrical energy is one that is understood in 
theory.' However, (due to inadequate technology, conversion 
of oceanic thermal energy is not yet fully developed. Warm 
water would be drawn into the system, where it would heat 
tubes containing a liquid with a low boiling point. Upon' 
vaporization, the steam would drive a turbine generator.. 
Cool water could then be -pumped from the lower depths to* 
condense the vapor and form the cyclical process. The Sys- 
tem would work like a big refrigerator.. 

Government funds have .provided for some of^the prelim- 
inary research. "Plans are now being formulated to construct 
demonstration power plants using ocean thermal as a source 
of -energy. 4 Future developments will depend upon increased 
government funds for research. 



WIND 



For years, power from the wind has he6n used to pump 
water for crop^ irrigation , to propel sailing ships across ^ 
the oceans, and to, turn millstones to grind flour from grain. 
About 1% of all the solar radiation that falls on the earth 
is converted m w i n d energy in the atmosphere. ^ - ' 

< This amount of energy alone, would be. enough to supply 
*the United States with 10 time^ it? consumption in 1980. 
If funding, is provided for development of this source of 
energy, many predictions say |hafc wind or agolian energy 
could provide up' to 10% of the energy demand o*f the United 
.States in the year 2000. * ' 



EF-03/Page' 21 

S8 . 



The United States government has been interested in 
reviving aeolian energy programs.- With government funding, 
NASA built' an experimental wind turbine in Sandusky, Ohio. 
This and other similar projects will result in ^n increased 
'emphasis, of this type of energy source in the future. . 

,. - Scientists have identified several sites where large 
amounts of aeolian energy are available: the Great Plains, 
the eastern foothills 5f the Rocky Mountains, the Texas- Gulf 
Coast; the Green and White Mountains of New England, the 
continental shelf of the northeastern United States, and the 
Aleutian Islands' Scientists have also developed a plan for 
cons tructing^a grid of wind machines at half-mile or mile 
intervals through the Great Plains area. 

Such a system could theoretically produce a considerable 
amount of the domestic electricity used each year. An off- 
shore facility is also planned* where^ wind could be usedjto 
electrplyze water into hydrogen and oxygen/ Hydrogen {Then 
could be piped to shore or transported in re frigeratedHank- 
ers - J 

* Although large aeolian machines would perhaps t>e only 
Jrive 'percent efficient, the source of energy is free. Be- 
cause. they do not produce by-products or ^residues , they are 
not especially troublesome. The largest drawback is land 
used. * A giant grid system - complete with power lines - 
would have some aesthetic disadvantages. In addition, if 
a large scale system of aeolian machines were developed, 
there would be questions concerning the possible effects of 
the weather caused by the removal of large amounts of kinetic 
energy. • ' m 

* Wind power development has bee ; n slowed to 8ate because 
o{ economic reasons- Th$ cost of building wind power gener- 
ating plants is considerably higher than conventional fossil 

♦ 
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fuel or nuclear plants. In addition, wind power systems 
only operate part of the time, while others could operate 
all the time. However, since wind machines have low main- 
tenance and no fuel costs, thes-e devices could become more 
important energy sources in the future. 

The future of the various types of solar energy (direc< 
solar, 'ocean thermal ,' wind) is summarized in Table 5. 



TABLE 5. THE FUTURE OF SOLAR, OCEAN THERMAL 
AND WIND ENERGY. 



Advantages 

• This source of energy is free and essentially 
unlimited. • 

• , • Production of this energy is clean and rfbn- 
pollutirig. ' 

• Basic theories^ for use are developed. 
Disadvantages 

' • The cost for large scale development is high. 

• The efficiencies for use are low, but could 
be increased. 

• The cost for*initial installation is high^ 
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GEOTHERMAL ENERGY 



\ 



Geothermal energy , the natural subterranean heat of 
the earth, promises to be an important future source of 
energy. It is estimated to be a^vast internal energy re- 
serve. The challenge is to put this tremendous energy to 
work , 



NATURE AND DISTRIBUTION OF GEOTHERMAL SOURCES 

Far beneath the surface of the earth is molten rock. 
In some areas, this molten rock has worked its way near the 
surface.* Underground water is then heated and hot springs 
result. Almost all of the known geothermal wells in the 
United States are located' in California, Nevada, Oregon, 
Alaska, Id£ho, Montana, New Mexico', Utah, Washington, and 
Texas. At present, the majority of knowledge of promising 
geothermal sites depends on the presence of geysers, hot 



springs, and volcanoes. As modern techniques develop, esti- 
mates of the size and location of these resources will cer- 
tainly become more precisfe. 

The most promising sources of geothermal v?ells are 
illustrated in Figure 10. " 

Geothermal reservoirs are found in the following usable 
forms: hydrotherntal , geopressured , ancf dry-hot-rock reser- 
voirs, Hydrothermal reservoirs are the most commonly used 
type with present technology. A vapor dominated (or dry 
s^eam) field, such as the Geysers, is the most commercially 
attractive, since the steam can 1>e used to drive turtles. 
The hot water (or wot steam) fields are harder to work be- 
cause of th e mixture <fcf steam and hot water, 3ince* the steam 
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must be clear of water for use in a turbine. Unfortunately, 
wet steam fields are twenty times more cammon than the dry 
steam fields. 

Geopressured reservoirs are perhaps the least under- 
stood type of geothermal reservoirs. They are usually made 
up of porous sands containing water or brine at high tem- 
perature, j3> pressure-trapped beneath the earth. A large 
geopressured zone has-been found along the Texas Gulf Coast 
and is thought to have a lot of energy, potential*. Such a 
deposit could provide hydraulic energy, ate we'll as natural 
gas. i 

The hot-rock'systems are potential!)/ the largest and 
most widely-distributed resources. The normal temperature 
gradient- irs 'about i-00°F per mile. Since' tlTe"usuar powerx 
plants require steam of at least 400°F, the' wells would hive 
to be four to five miles deep. This is too deep for present 
techniques . 

DEVELOPMENT OF 'GEOT-fffiRMAL ENERGY 

Two geothermal fields account for more than half of 
the total geothermal generating capacity of the world at 
the present time. One is a plant in Larderello, Itaiy. 
Several facilities are presently operating in California 
at' the. site of the Geysers near San Francisco. However, 
the- combined capacity of these plants in the United States 
is less 'than the capacity of a good-sized coal or nuclear •. 
plant . * - " 

In Iceland, geothermal heat has* been used for years to 
heat buildings. Geothermal provides most of the heat for 
the 100 ,000 peopFe in Iceland * s capital , Reykjavik.^ Several 
homes are heated in the.s-ame way in "Oregon and Ida'ho. 
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There are several problems associated with development 
of geothermal plants. Clearing land and pumping massive 
amounts of water will certainly have 'some environmental dis 
advantages. Thes-e problems will probably be overcome in 
the future to alloy this energy source to supplement the . 
energy supply in. the future. A summary of the future devel 
opment of geothefmal sources ,i? presented in Table 6/ 



'TABLE .6. THE FUTURE OF GEOTHERMAL ENERGY 
* IN THE UNITED STATES. 



Adva-n-ta^ge-s- — ~ — — — - - 

• Supplies of geothermal are plentiful. ' 

• PoVer plants*^re relatively inexpensive to 
build. 

• There are no fuel costs. 

Disadvantages 

• Wast-es'that come to -the surface must' be 
disposed . : 

" • The water cycle in the area may be disturbed, 

\ Efficiency is Tow. - • 



n < 



EF-03/Page 27 



HYDROPOWER 
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. T^e potential energy difference in two water levels 
can also serve as a source of energy. This principle was 
recognized several thousands of ye^rs ago. Water wheels ' 
were used by many -early civilizations* fpr a variety of pur- 
poses. There are two possibilities for large scale use at 
the present: natural water courses and tides. 



NATURAL WATER COURSES 

-St 

Water flowing from a higher level to 7 a lower level in • 
a natural water course can generate electricity.. The fall- 
ing water may be used to. turn a turbine generator 1 for elec- 1 
tricity or for mechanioal power; Adaga is built tb&store 
wateT in a reservoir vhere it can be released when needed. 
Although water power, is theoretically a renewable energy 
.source, the power prants*"themsel ves wear out; the reservoirs 
eventually fill up with silt. 

A* major advantage of a hydroelectric power plant is 
that it can be turned on and off quite easilVr^For this 
reason, hydroelectric power-plants are important parts of 
the total eTectricity generating systems in the country. 
While i£ is .difficult to moderate coal and nuclear plant s 
hydroelectric power plants can use energy generated to pump 
water to back to a higher lev^l. This reserve can then be ' 
uspd when the demand for electricity is high — during certain 
times of the day, or days of the week. % * 

Good sites for building hydroelectric power plants are' 
rather Limited. Although capacity has doubled since 1950, 
hydroelectric powjr provided only 13% of the electricity for 
the United States in 1978. V 
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' rj The geographical distribution of hydroelectric powetf. 
roduction in the United States is shown in Table 7. 



TABLE 7. HYDROELECTRIC POWER DISTRIBUTION 
IN THE JINITED' STATES. 



Region 



Pacific j 
Mountain V 
Middle Atlantic 
South Atlantic* < 
East South^entrai 
VI est y North Central 
^V*?t South Central 
New England 
East North' Central 
Alaska and Hawaii 



Percentage of US Total 




s 



The 



leading hydroelectric ^power-producing countries in * 
the world are: the United States, Canada*, the Soviet Union, 
Japan, and France/ Since there are many environmental pro,b-\ 
lems associated with further hydroelectric power fadiliti'es 
in the United Stages, this source, of energy will probably 
not be a major contributor to energy spyrces* in'this coiii^ry. 
It wi-11 most -certainly be a^ndrjor source 'of energy to devfel-*, 
oping countries The future Advantages and disadvantageAof 
hydroelectric power are summarized in. Table 8.- 
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TABLE 8. THE FUTURE OF HYDROELECTRIC POWER 
' IN THE UNITED "STATES. 



Advantages r 
•^Electricity is produced inexpensively.. 

• Wo air pollution is,, present.* 

•Reservoir lakes^can , store large amounts of 
water. k . 

• Reservoir lakes may benefit the environment, 

• Fossil fuels are not consumed. 



Disadvantages 

• Initial construction costs are high. 

• Reservoir lakes may damage the environment 

• Land suitable for agriculture 'may be lQSt. 
•/Droughts may curtail power production. 



TIDES 



. * Tides are the periodic rise and fall of the waters of 
t v he earth. They are caused by the gravitational effects of 
the sun and the moon on the oceans. The difference in water 
levels that results can also serve as a Source of" energy* 

A power plant dam may be built across a narrow entrance 
to a bay, forming a reservoir betweeij the power plant dam 
* and-the shore. As the waters rise and faW, a turbine is 
operated to generate ^Electricity . Since there a.re two highs 
and two lows per d^y, energy can be extracted four times. 
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In order to generate power e f fee tively , however, there must 
be an average difference % of at least fi've feet between the 
depth of the water in the basin and the ocean floor. For 
efficiency purposes, the difference in the head or water 
depth should be greater than five feet. t , 

There are presently two tidal plants in the world. 
The largest tidal plant in existence is the Ranee Station 
near St. Malo, France . This plant uses the tides that flow 
into the English Channel on the— French Side. The plant took 
seven years to construct and was finished in 1967, It would 
provide enough power for 16,000 homes in the United States. 
Another plant exists in the Soviet UniSn on the Ura River 
at the Barents Sea near Murmansk. 

Although there are no tidal plants in the United States, 
the concept has been under investigation for several years. 
A study completed in 1977 found^hat there are only two areas 
sufficiently large enough for such a plant. They are the 
Passamaquoddy Bay region along the Canadian border in Maine, 
and the Cook* Inlfet region in Alaska. 

v It 'would not be feasible to build a plant in Alas'ka,. 
since the Cook Inlet is located* in a sparsely populated area 
and_trans_p_ortat ion costs would be high. On the other hand, 
a tidaT plant in New England' is a future possibility. The 
ideal location for a tidal plant would probably be in eastern 
Canada. The tides in the Bay of Fundy average over 40 feet 
at a time. The future^of tidal power *is summarized in Table 
9. ' • " 
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TABLE .9. THE FUTURE OF TIDAL POWER. 



Advantages . " 

• No fuel" is required. 

• This causes minimum air and water pollution. 
■* Very little land is required. 

•A long lifetime would be. probable. y 



• New. local industries might be developed. 

Disadvantages 

• Initial cost would be ~quite' large . 

•.'Fishing patterns would*t>e disturbed, 

% 

•.Corrosion and -storm damage to facilities are 
probable. 

»» 

• Distribution- power to populated areas will be 
expensive . ' . ' 



% \ NEW SOURCES 

One way to satisfy the' increasing demand for energy is * 
to develop\new sources of fuel. Xhis ,is usually an extremely 
expensive alternative, however, since research and develop- 
ment costs are high. In addition, many of these alternatives 
are not popular. f 
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SYNTHETIC FUELS 

When faced with petroleum shortages during World War 
II, Germany demonstrated the feasibility of obtaining liquid 
and gaseous, fuels on a large scale. In South Africa, where 
petroleum is scarce due- to world political reasons, large 
plants are presently producing synthetic oil- When neces- 
sary, technology can produce what is needed. The Energy 
Security Act of 1980 provides $20 billion in loan guarantees 
and incentives for industry to pursue synthetic fuels during 
the next decade. The total estimated cost of this ^synthetic 
fuel program (to reduce dependence upon foreign oil) i-s a 
staggering one trillion dollars. 



BIOMASS * , J 

* An indirect source of sol'ar energy i$* biomass . Biomass 
.is a general term for plant and animal waste. Since tfvese 

energy sources are renewable, much use may 8 - be found for them 
•in the future. A good example is 'the grpwing s use of alcohol, 
-'which is produce^ through, the fermentation of. biomass and- 

used to supplement petroleum-based fuels nov used for trans- 

portation.- ^ 
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EXERCISES 



1. Start a collection of current news articles concerning 
the present and future of the- sources of energy dis- % 
cussed in this module. . ^ 

2. Expand on the advantages and disadvantages listed for_ 
the energy sources discussed in this module by citing 
specific examples., 

3. List the energy sources discussed in the module in 
order of future importance. Compare this list with 
others in the class. 

4. ' Theoretically, two square miles^of solar ^ver could 

operate one million toasters. Although this statement 
is true, what would be some considerations- on a large- 
scale use of solar power? 

5. If you were President of the United States, for which 
of the energy sources discussed in the module would 
you favor spending for research and development.? Com- 
pare this list with others in the class. 
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FUNDAMENTALS OF "ENERGY TECHNOLOGY 




■ / 



INTRODUCTION 



The material contained in this moduli presents -an over- 
view of th£ primary systems that use energy. The energy con- 
sumed can be either an original eagj?gy source or electricity. 
Heating and cooling of air and water, transportation, illumi- 
nation, and mechanical power are the leading actual energy 
uses in the United States. The increased demand for energy 
means that a re--gvaluation of energy must occur. 

Data*presen'ted ir^ this module also provide some compar- 
ative information concerning efficiency ratings and conserva- 
tion measures. If energy is to be conserved, these systems 
must uSe energy as efficiently as possible. Sometimes, this 
may be accomplished by the correct choice of system. Some- 
times, this may be accomplished by individual decisions on 
use. ' 



PREREQUISITES 



The student should have completed Module EF-03, "Sources 
of Energy II.-" 



OBJECTIVES 



Upon completion of this module, the student should be 
able to: • 1 . 

1. List the four major sectors of 'energy use. 

2. List the four major actual us^s of energy. 

3. Identify, the various systems discussed in this module 
i for heating, and cooling, illumination, transportation, 

and indu^rial power. 
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4. -^escribe the general trends in the use and conservation 

of ^energy in the areas discussed in this module. 

5. Discuss the meaning and consequences of load factors 
and (Remand charge to uti-Hties and ctistojners. 

6. Discuss the general procedures and problems associated 
with the conversion of raw fuels into useful energy 
forms. • ' 

f 7'. Identify the 'following important terms as discussed in 
this module: 

a. Single zone system 

b. Multizone system 

. c. Terminal reheat system 
d. Variable air volume system * 
* e. Constant volume system 

f. Induction system 

g. Dual duct system 

h. * Fan coil system 

i. Sel f -contained systems ^ 
j . Gas/electric homes 

k. All-electric homes 
1. Thermostat 

m 5 . Energy Efficiency Ratio (EEF) ? ■ 

* n. - Climate zones 

o: R-value - - . 

p. . Insulation ^ 
\\. Incandescent 
^ ' r. Energy "efficiency „ >, 

s. . Color rendition , ( - ( 

t . Light intensity 

u. Lumens ^ " 

v. Fluorescent . 
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w. * Mercury vapor 

x. Metal-halide • 

y . High- pressure SQdiunu 

z. \, Cogeneration 

aa.' Recycling 

1>b. Load factor 
' cc. Demand .charge 
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SUBJECT MATTER 



T 



USES OF ENERGY 



•• The four major . users of the original energy fuels con- 
sumed in the-Unit£d States are the following:- electrical, 
industrial,, transportation and tesident ial/ct>mmercial . The 
various components of these sectors then convert t'he fuel 

into more .useful forms of energy to pCwer the American sys- 

* * 

tern.. * - . 1 

Increased demand and cost have made it necessary for 
these sectors *to re-evaluate energy-using systems, in terms 
of e-fficiency ^nd conservation. The portion of the original 
energy ^sources consumed by each of these sectors is illus; 
trated i\i Figure 1. ' » 




Figure 1. ' Ma j or . Original Energy Users, 
in the United States - 1979. 
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ENERGY CONSUMPTION AND DISTRIBUTION 

- t 

& Oil,- natural gas/ coal, hydropower, geothermal, and nur 
clear-are currently, the major sources ofl power in the United 
States. ' The chart }n Figure 2 illustrates the distribution, 
of these enetgy sources. Numbers refer to percentage of the 
total energy Iconsunvpt ion of the United States. 

TOTAL * 45.9 



> 

TRANSPORT- 
ATION 
24.4 



RESIDENTIAL 
COMMERCIAL 

ia4 



INDUSTRIAL 
7.8 



ELECTRICAL 
- 3,3 



TOTAL =f 24.9 



RESIDENTIAL/ 
COMMERCIAL 
9.2 



INDUSTRIAL 
11.8 



ELECTRICAL. 
3.6 



.TOTAL = 2Z0 




TOTAL -,4.0 


TOTAL » 3.5 


ELECTRICAL 
4.0 




ELECTRICAL 
3.5 



OIL 



NATURAL 
GAS 



COAL 



HYDROPOWER/ 
GEOTHERMAL 



NUCLEAR 



Figure 2. Distribution of Original Energy Sources 
in the United States - 1979. 



Hydroelectric, geothermal, and solar power sources are 

projected to irrcrea^e in importance in the future. The use 

of nuclear energy to generate electricity, will 'also increase 
♦ 

Thes-e increases, however, will not be^ enough to make up for 
the increased total demand for energy oveV the next two de- 
'cade's. As a result, fossil fuels are expected to' continue a 
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the major enei?^y sources for the United States. However, 
coal will become a more important contributor to' the total 
energy input, as oil and natural gas percentages decrease. 

Heating and tooling, transportation, illumination, and 
mechanical power are the largest aotual .end-products of en- 
ergy consumption. The chart in Figure 3 gives' a more de- 
railed breakdown of actual energy use. 



TRANSPORTATION 
SPACE HEATING 
PROCESS STEAM 
DIRECT HEAT 
ELECTRIC DRIVE 
UGHTING* s 
WATER HEATING 

AIR CONDITIONING 
REFRIGERATION 
COOKING 
ELECTROLYSIS 
OTHER 

RAW MATERIALS 



^^^^^^^^^^ 25% 



^3% 



2% 
^ 2% 



^4% 



Figure 3 



Dis' 
in 



tribution ofActual Energy- Use m 
the United^States. / 



Although about 63% of the total energy consumed in the 
United ^States is consumed by business and government agen- 
cies, a sizeable 37% is consumed by individual users. The 
distribution o'f personal energy use is shown in Figure 4. 



r 
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PERSONAL 



f r 



HOTWATE 



COOKING 
4 




REFRIGERATION 4% 
— \ 

LIGHTING 1% ' 
MISCELLANEOUS 3% 



A - 

Figtire 4^ Distribution 
of Personal Energy^/Use 
in, the United States." 



HEATING AND COOiaNG 

Space heating and cooling accounts for about 60% of v the 
total residential ' and commercial energy consumption and for 
about 40% of the total ^persojjal energy consumption. Analy^i 
of heating and cooling systems provides one of the best oppo 
tunities to save money. < 

HEATING AND COOLING SYSTEMS 

The following discussion centers on heating and* cooling 
systems. f 

t 

^ * 
SingJLe Zone System 

9 

A zbrte is an area or group of areas in a building that 

experiences similar amounts of heat gain* and heat loss. A 

single zone system is one that provides heating and cooling 



Page 8/E5-.04 \^ 

<" Uti- 



r 

to one zone that is controlled by the zane thermostat. The 
unit* may be installed within - or remote from - the space it 
serves, either with or without air distribution ductwork. 



Multi-zone System . 

A multizone system heats and cools several zones, each f 
with a different load requirement, from a centralized unit. 
A thermostat in each zone controls dampers at the unit that 
mix the hot and- cold air to meet" the varying load requirements 
of the zone involved. 



Terminal Reheat System 

The terminal reheat system is a modification of a single 
zone system that provides g. higher degree of temperature and * 
humidity control. The central unit provides air at a given 
temperature to all zones served by the system. Secondary 
te^nl^aj. heaters or coolers then adjust the air temperature 
to" be compatible with the load requirements of the specific 
space involvecf> x The high degree of control provided by this* 
system requires an'e^cessive amount of energy. 



Variable Air Volume System 

A variable air volume system provides heated or cooled 
air at a constant temperature to all zon^s served. Units 
located in each zone adjust the quantity 'of air reaching 
each zone, depending *on the zone ! s load requirement. 

EF-04/Page 9 
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Constant Volume System 

< 

Most constant volume systems either are part of 'another 
system or, serve to provide precise air supply at a constant 
volume. They are typically- used in dual duct -systems . 



Induction System 

An induction system is an air-handling unit that^stap- 
plies heated or cooled primary air at high pressure to induc- 
tion, units . located on the outside wails of each spaced served 
The high s pressure primary air is discharged within the unit 
through nozzles, inducing room air through a heating, or cool- 
ing coil in- the unit, v The resultant mixture of primary air 
and induced air is discharged to the room at a temperature 
dependent on the load of the space ■ involved . 



.Dual Duct System 

The central unit of a dual ' duct system provides both 
heated and cooled air, each at a constant temperature. Each 
space is ,serve-d by two duct€, one carrying hot air, the other 
carrying *cold air. The du^ts feed into a mixing box in each 
space. Dampers then mix the hot and cold air to achieve the 
air temperature required. 



♦ 
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Fan Coil System 



-"A £ap coil usually consists of several fan coil units, 
each *o£ which has a »f^n ^nd a heating "or cooling coil. These 
individual units can be located either in* — or remote front — 
the space or zone being served. 



: - r 



Sel;f -Contained' Systems 



' A self rconta'ined system* is a roof-top unit', window unit., 

? -* * ' 

or through- the-wall unit. • * " ; . - r 



APPLICATIONS 



Application decisions begin wit.h tfhe selection -of -the * 
heating/cooling system. Other decisions include the selec- 
tion of the thermostat setting, efficiency ratings,, type of 
insulation, maintenance efforts, and other steps. 



Selection of Heating/Cooling System 

> " 

There is no clear choice concerning heating anjl cooling 
systems. The relative cost and availability of natite^y.* gas # 
and electricity, the prevailing weather conditions.in spe- 
cific areas, and individual building requirements must all 
be considered. A comparison of energy uses in ga's>/electric 
homes and all-electric homes is. presented in Figure 5. 



> 
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COOLING 



WATER HEATING 



T,V.« WASHING MACHINE* 
DISHWASHER 




clothes drying 
and Cooking 

refrigerators 



HEATING 



LIGHTS & SMALL APPUANCES 



a. All-Electric Home 



TV„WASHING 
MACHINE, 
DISHWASHER 




REFRIGERATOR 



. UGHTAMD6MALL 
APPUANCES 




ELECTmC USES 



CLOTHES DRYING, COOKING , 
OTHER SMALL GAS APPLIANCES 



GAS USES 



b. Gas /Electric Home 



Figure 5. Energy Uses in Gas/Electricr and 
All-Electric Homes. 
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Selection of Thermostat Setting 

/ ^ 

There is no ideal setting for either heating or cooling. 
A combination of temperature, humidity, air motion, and activ- 
ity in a zone must be considered for maximum comfort. How- 
ever, a difference in only one or two degrees of temperature 
does make a dramatic, difference lnJK^nergy consumption and 
cost. Figure 6 illu^ tratesvjtfie thermostat settings for heat- 
ing and coolitig and the percentages of, savings for each degree 
of change. 




COST OF KEEPING 
ROOM TEMPERATURES 
ABOVE AND BELOW 78 



COST OF KEEPING 
ROOM TEMPERATURES 
ABOVE AND BELOW 72 



Figure 6, Thermostat Settings and Energy Consumption. 
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. Consideration of Efficiency 



Until recently, most American were not concerned about 

the efficiency of any energy-consuming systems. It was 

cheaper to buy less efficient systems and use more energy 
f 

than rto t>uy a more efficient system and use less energy. 



For example, there are air conditioners on the market 
that operate on up to 30% 'less energy than other models. 



The 



more efficient'an air conditioner, the higher its Energy 
Efficiency Ratio (EER) . The EER is defined a&^the amount of 
heat one watt of electricity will recover from thef- air in one 
hour. The EER is a determined by , dividing the number of Btus 
required for cooling by the number of watts needed to produce 
cool air. An EER above 8.0 wemld be * considered to be an ex- 
,cellent energy eff icrency . /Example A illustrates determina 
tion of EER. 



EXAMPLE A. DETERMINATION OF ENERGY EFFICIENCY RATIO, 



Given; 

Find : 
Solution: 



A 36,000 Btu (three ton) air conditioner requires 
6,000 watts to operate. , < • • 

The> Energy Efficiency Ratig for this unit. 




ffp t - Output 56,000 Btu y D l 
" K ^ Watt Input - 6,0 r 00 W " °: u ' 



V 
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Insulation 



.More than half of the homes in the United States are 
inadequately insulat'ed. Large ^mounts of energy are, there- 
fore, lost in both heating and cooling of these structures. 
The optimum amount of insulation recommended for a structure 
depends on the climate, the type of insulation material , and 
the structure itself. Figure 7 shftws the climate zones for 
the United States. 




ft 



: Figure 7. Climate Zones of the United- States , 
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The effectiveness of various insulation materials is 

measured by their R-values.a The higher the R- value , the 

greater is th^ res^tanCe to tHe transfer of heat. Recom- 

* t j * * 

mended R-values for hom£ insulation are given in Table 1. 



• '. : : . 

TABLE 1.. RECOf^ENDEQ^R-VALUES £0R CLIMATE ZONES. 



CI imate Zone 


At1;ic Floors^ 


Ceili/ngs or Basements 


1 . 


R-26J 


R-ll j 


2 


R-26 


R-13 


3 i 


R-3(T 


R-19 ' 


4 


R-33^ 


R-2'2 


' 5 


\ ' R-38 ^ 


• R-2 2 



i 



The required thickness of various insulation materials, is 
given in Table 2. . ■ - '. ' * 
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TA&LE 2/ -INCHES OF INSULATION REQUIRED FOR- REVALUES , 



/ 





Glass Fiber 


Rock Wool 


Glass Fiber 


Rock WjdoI 


R-Value 


Blanket 


Blanket 


Fill 


Fill ' 


R-11 


3J-4 


3 


5 


4 


R-13 


I 4 * ' 


41 


6 


41 


R-19 


6-61 


Si * 


8l 


61 


Rr22 


6\ -• 


6 


10 


7 2 


R-26 


8 1 






9 


^-30' 


10 


9 


131/ 


101 


R-33 


11 


10 


15 


ill 


R-38. 


• 12l 


101 


171. . 


131 



Other Considerations 



Efficient operation of, the heating aad cooling units 
provides the best opportunities" for ' an individual to "conserve 
energy. The efficiency of a home system depends upon a num- 
ber of factors that an individual can easily control. 

For instance, an individual can: t check..and qlean fil- 
ters; keep fireplace dampers closed when not in use; close 
off r^bms when not in use; keep outside doors closed as much 
as possible, adjust the thermos tat ; add^caulking and weather 
stripping to decrease energy loss; ventilate attics; install 
appropriate insulation'; arid plantVtrees and shrubs to^roVlde 
appropriate ^shading and x screening.. a 

All of these operations- will - increase the efficiency of % 
the heating/coaling system of a home or business. 
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ILLUMINATION 



In the Unated States today, approximately 20% of all 
electricity generated is used for -lighting homes and busi- 
nesses. Perhaps up to'50% of that energy could be consej*ved 
with virtually no capital expense. Energy conservation in 
lighting can be achieved with little effort: sometimes it 
is as easy as flipping a switch. In addition, curbing -energy 
use in lighting does not required change in lifestyle or a 

4 

substantial investment of funxis. 



ILLUMINATION SYSTEMS 

Through decades of use, consumers have come to re^Ly. on 
the familiar incandescent bulb for all their lighting need^> 

However, different tasks and situations, require different 
lighting types and levels. Sometimes, it may be necessary to 
have high-powered outdoor security lights, but very dim night 
lights are better for many other purposes. A variety of 
light sources is av&ilabl-e. Each has characteristics that 
make it suitable fbr vari ous lighting situations.^ 

ITwo considerations are^lmportant in choosing home light- 
ing: energy efficiency and^ color rendition . -Energy effi-^ 
*3*iency for all light sources* is the measure of how much light 
is produced in. relation to the amount of energy used. Light 
intensity is measured in lumens and energy per time period is 
measured in watts. The lumens-per-watt orating is similar to# 
the miles-per-gallon rating, of engine efficiency. 

Some ligfrr* sources convert electricity into light much * 
more efficiently than others, and therefore can deliver more 
.light for the same amount of electricity*. The' difference in 
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the amount of light provided per watt can have ? dramatic 
impact on the'amount of electricity required to light a home 
or office. The method o^ analysis. of the efficiency of light 
sources is illustrated in Example JB. The difference? in the 
efficiencies of various light sources are shown in Figure" 8. 



J. 



EXAMPLE B. ANALYSIS OF LIGHT SOURCES. 



Given : 

Find : * 
Solution: 



A 40-watt fluorescent tube^^TeiiAcers 66 lumens per 
wait. A 40-watt incandescent bulb deliver 12 
lumens per watt. 

The efficiency of the fluorescent lighting com- 
pared to ^incandescent lighting in this situation. 



Fluoreiceiit = Intensity _ 66 lumens 
Efficiency Power ~ 40 watts 



= .1.65 



lumens 
^ watts 



Incandescent _ Intensity = 12 lumens 
Efficiency Power 40 ^watts 



0.30 



lumens 



.watts 



Fluorescent iighting 'is-, then, more than five 
times ,( |y'3Q = 5.5) k mor l e efficient than incandes- 
cent lighting , * 



4 

Although most home lighting is incandescent', most light- 
ing used in .business, industry, and government facilities is 
fluorescent . * In terms of total operating costs , studies show 
that fluorescent lighting is, nearly four times as efficient 
as incandescent, lighting^/ The economic advanta'ge increases ' 
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Figure S. Efficiency of Various Light Sources. 
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when electricity rates rise" and- when lights must be operated 
for long periods of time, ' Fluorescent lighting generally 
costs more to install because of the greater cost of fixtures 
and lamps T but has two distinct economic advantages over in- 
candescent in terms of operating coste. Most fluorescent 
tubes last about 12 times longer and operate on one-faurth 
to one -third' less electricity. 

Color rendition is the second factor to be considered fi ^ 
when choosing a light source. Color is simply the effect of ; 
light waves bouncing off, or passing through, various objects. 
Therefore, the color of a given object is determined in part 
by the characteristics of the ^ight source under which the 
object <^is viewed. Color rendition is a relative term in that 
it refers to the extent to which the perceived color of an 
object pnder a light source matches the perceived of that ob- 
ject under the familiar incandescent bulb, A good color ren- 
dition, means a familiar appearance. Incandescent lamps accen- 
tuate ,tfarm tiones (red, orangey, yellows) 1 *. Fluorescent bulbs 
accentuate cool tones (blues /greens) , Many home owners are 
reluctant to use fluorescent lighting because of 'these differ- 
ences, . 



APPLICATIONS 



Principles of energy/conservation can v be applied to 
lighting systems by the t selection of light sources, reduction 
in light intensity, use of timers and dimmers, and utiliza- 
tion of natural light, ' . 
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Selection of Ligt^ Sources 

Selection of the best lighting source is a good place to 
start. The advantages of fluorescent over incandescent lamps 
have already been discussed. Relamping with lower-wattage 
slimline fluorescents has been estimated to reduce annual en- 
ergy costs by as much as 17. 5 % watts for each lamp and ballast. 

Various high- intensity, discharge (HID) lamps, such as 
mercury vapor , metal -halide , and high-pressure sodium , are 
finding popularity in the commercial and industrial sectors 
because of efficiency and long life, as compared" to incandes- 
cents. 

V 

Reduction ' of Intensity 

v 

S 

Much of the lighting in American homes and businesses is 
too intense and unnecessary^ More than twice as much energy 
is used for lighting in the United States as is used in many 
other countries for the same purposes. Although sufficient 
light must be used to prevent^ye strain and accidents, pro- 
viding the appropriate light for the activity performed (task 
illumination) is an easy way to save. up to 501 of lighting 
costs . 



Control of Lighting 



Timing devices and lighting circuits controlled by dimmer 
switches can alscvftmtribute to conservation- Regular main- 
tenance and cleaning of lamps and fixtures, light-painted 
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surf aces * -and propery^pi a< ^ ement of light fixtures can increase 



actual, light by as much (as 20% 



Use of Natural Lighting . a 

Natural* lighting (passive solar) from windows an£ sky- 
lights c,an also be. used for illumination. Solar mirror sys- 
tems can be used for illumination, as well to heat, spac^. 
However, the use of sunlight will only save energy, as long 
as heat transmission is not increased. More money is spent 
to fceat and cool space than for illumination. f 



TRANSPORTATION 

The transportation sector accounts for almost one- 
quarter of the total annual energy , consumption in the United 
States. It is also credited with being the most inefficient 
area of energy use. * , 

Of all the energy consumed by the American economy in 
1979, 241 was used in transportation. Almost all fuel is 
derived from petroleum. For example, gasoline is used for 
automobiles; diesel fuel for trucks,* trains, and buses; ker- 
osene, for .airplanes . -Conservation in the transportation 
area, therefore, has a direct effect on the dependence of the 
'American economy on imported oil. 
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TRANSPORTATION SYSTEMS 

The internal combustion engine, which dominates present 
transportation systems, is not very efficient. Only about. 
15% of the fuel energy is actually used to move vehicles. ^ 
The automobile is the major user of this energy. 

r 

In many ways, the ideal engine for transportation would 
be electric, It ^s efficient, quiet, does not emit* pollu- 
tajii^ andOloes not directly.use oil-based fuels. Although 
the electric vehicle has a long history, and is marketed -to- 
day, it presently does not compete with gasoline-powered vehi 
cles. The .major unsolved problem of the electric car is en- 
ergy storage. 

The common-lead acid storage battery is too heavy. It 
does not store enough energy per pound, cannot be discharged 
and recharged enough times, and is too expensive. In addi- 
tion, existing 9 battery systems 'must Jbe replaced approximately 
every three years. Developing technologies, however, may 
make the electric car more economically feasible 'in the fu- 
ture. ' 

There are numerous factors that influence the fuel econ- 
omy of a motor vehicle. The most important factor is vehicle 
weight. Until the 1970 T s, there was a movement toward in- 
creasing size and weight, an* increas ing demand for air condi- 
tioning units, and a desire for automatic transmissions. 
Since that time, .however, smaller cars with increased, fuel 
economy have been more popular. The major consequence of 
improved fuel 'efficiency is that reliance^pn imported oil is 
decreased". 

In spit e .of persistent rumors, there are no ultra-effi- 
cient new* engines hidden in Detroit. Many small improvements 
will be seen in the'^y*ure, such as the electronic ignitions 
,and stratified charge engines that are already being marketed 
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There, are also longer-range improvements, such as a 
continuously variable transmission system that could improve 
fuel economy by as much as 26%. ' , 

Two new engines, the gas turbine and the Stirling engine, 
are also receiving much attention. Both of these engines 
have the following important advantages: they can burn nbn- 
-petroleum fuels like alcohol; they are more efficient and 
cleaner than gasoline or diesel engines; and they will not 
require emission controls. Research is also investigating 
such refinements as regenerative braking systems , which slow 
a vehicle by running the motor as a generator to recharge 
the battery. 

Alternate fuel sources, such as synthetic fuels and alco- 
hol, should provide some relief to the transportation problem. 
However, in the near future, petroleum will continue to be 
the main source of energy for transportation. As a result, 
the greatest savings in transpbrtation will 'be realized when 
the existing systems are capable of moving people and materi- 
als more efficiently. The energy price paid for speed and 
convenience is illustrated in Table 3 and Table 4. 
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TABLE 3. ENERGY DATA FOR PASSENGER TRAFFIC - 1970. 



Mode 


Average 

Passenger 

Capacity 


Average 
Load 
. Factor 


Btu Energy Cost 
Pe^ 1 Passenger 
Per Mile 


Bicycle 


1 


100% 


200 


Walking 


• 1 » 


100 


300 


Intercity <$\is 




45 


1^,600 


Subway/Trolley 




2,300 


Railroad Car 


69 


35 ' 


2,900 


*Autemobile (highway) 


5 


48 


3, 500 


Urban Bus 


55 


20 


3,800 


Airplane^ 




' 50 


8,400 


Automobile (city) 


' 5 


28 


8, 500 - 











TABLE A . ENERGY DATA FOR FREIGHT TRAFFIC. 



u Mode 


Btu Energy Cost 
Per Tori Per Mile 


Waterway ° 


680 


Railroad 


70Q 


Oil Pipeline k 


1,850 


Truck. * 


2,800 


Airplane 


. 62,000 
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APPLICATIONS 

Ways to apply conservation techniques to the transporta- 
tion situation are through increased engine efficiency, car- 
pooling, mass transit, ami- through personal conservation 
efforts in the use — or nonvuse — of the automobile. 



Increased Engine Efficiency - 

The average engine efficiency of new cars has been 
increasing gradually from 15.6 miles per gallon in 1975, to 
17.6 miles per gallon in 1976, to about 20 miles pej gallon 
in 1979. An average of 27.5 miles per gallon is mandated by' 
tfre government for all new cars .produced in 1985. 

Use of lighter materials, improved aerodynamic design, 
a^d moi^ efficient drivetra,ins and engines will be required 
to meet this standard. Possibilities of advanced 40-50 miles 
per gallon cars in the 1990s are also being investigated. 



\ 

Increased Load Factors 



The load^factor is the percentage of capacity carried by 
a car or othfer mode of transportation. Emphasis on carpooling 
could increase this factor considerably and, thereby, * be an 
important source of energy conservation. However, since car- 
pooling means a change in lifestyle efforts have met with 
limited success. 
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Mass Transit 



Mass transit, is the most energy-efficient form of trans'- 
portation* Unfortunately ,« mass transit accounts for only a 
"Small part of tqtal* passenger travel. Although .such systems 
are successful in densely-populated areas, mass transit can- 
not be used everywhere. New transit systems and improvements . 
in older systems likely *will haveito be comMfrtfa wi^h penal- 
ties for automobile use before a 'shift to mass transit becomes 
an important part of , the total picture. 



\ 



Personal Conservation 



The private automobile is the largest single energy- 
^consuming unit in a typical household. Decisions made by 
large numbers of American can greatly affect the total energy 
supply of the country. * Individuals can contribute to energy 
saving by: s^Tection^ of the most energy.- ef f icient model' 



automobile available, careful driving habits, , proper mainte-; 
nance, and by simply driving less. - ; 



INDUSTRIAL POWER 



.The industrial sector is responsible for 'consumptiori 
of about one-quarter of. the total energy sources and about 
one-third of the electricity produced. Since this sector 
uses the largest .share of the energy, it is particularly 
sensitive to the relationship between Btus "and dollars. As 
a result, industry is undergoing thorough energy conservation 
analysis on its own. 
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JNDUSTRIAL POWER SYSTEMS , 

* * * * 

Although industry is a prime conservation target, it is > 
also .so diverse that broad* conservation strategies are, dif- 
ficult to implement. Industry includes the stee} industry 
with its coal-gulping blast furnaces, the energy- intensive 
plastics industry, but also the_less energy- intensive garment 
ihdustcy.* TJie electric utilities industry is the largest 
single user of primary energy sources^ * ^ - 1 

Most of the energy consumed by industry is in the form, 
of thermal energy as prodess sjteam and direct heat.. The re- 
mainder of industry consumption is for electricity and for 
fossil fuels to use as raw materials for products. Electric- 
ity is used to pvovide mechanical work from irfotors*, for re- 
fining processes, for heating and illumination. 

The most, rapid.ly-growing end-uses are for generation of 
.electrical energy and raw. materials . Since most of the, en- 
ergy is in thermal fe rnt^ st'i^ n£ly^directed conservation ef- * 
forts toward insulation, heating eTFtriency and recovery, and 
recycling can result in tremendous energy savings. In ad^^. 
tion, better energy management, 'il luminat ion control," an^ \ 
thermostat lower ing 5 wil 1 be the ma j or .strategies industry can 
use to conserve energy. 



APPLICATIONS 



Conservation techniques that can be applied in the energy 
consumption of industry include installing energy-efficient 
industrial systems^ through recycling ,\through increased en- 
ergy efficiency of electricity generation, considering load 



-fa^^^s^^nd^t^ilizatlrm- o£. control systems. ^ 
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New Industrial' Systems . , 

9 

< '•' m Mdch wasted energy cpuld be used £(Jr the production of 
electricity*. Cogeneration , the "s imul taneous" production of 
electric power or heat in industrial operations, Is A . pflrter- 
ful energy conservation method. * ' " • ** 

I-n addition many industries have converted to different 
energy-using systems.. For example*, replacement of the open 
hearty furnace with the basic oxygen ' furnace . at some iron and 
steel plants has saved tip to two- thirds of the energy formerly 
consunred. The continuous casing protess involved eliminates 
much of the heating and cooling required. ^In addition, modi- 
fications in the eieptro-lytic cells used -in aluminum refining 
could produce sayings as large as 25$ 



Recycling J 1 

• * 

I With the high -energy costs associated with aluminum*/ 
iron, copper, and paper manufactiXring , a most important con- 
servation strategy -is recycling . \his process -would save 
tremendous amounts of energy in metal production, since mining 
operations would be eliminated. *In addition, processing of 
recycled paper requires only abput one-fourth of the energy 
required far virgin wood. 



Increased Energy Efficiency of JElectrical Generation 

/ Conversion of .-original fuels to electricity is only 
about 50% efficient* The energy used to generate electricity 
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can be conserved by reducing electrical consumption, increas- 
ing the primary' fuel conversion, or by increasing the effi- 
ciency of electrical use.^ 



4 r 

Consideration of % Load Factors 

• , _' i 

A load factor is the ratio, of average load to peak load 
vin kilowatts *of electricity. -The greater the load factor, 
-the less the per-unit cost of energy. There are seasonal, 
weekly, daily, a$d weekend/.holiday peaks and valleys in util-~ 
ity energy loads. Uti'lity^compani^s encourage customers to* 
• smooth out demand for energy. • ~ 

Since electricity must be generated at the instant it 
is 'required, the utilities must have reserve generating ca- 
pacity to itieet .the highest peak 'demand on its lines dilririg 
the instant of greatest -load . "AlthougfT.peaks ma%, la'st -for 
only several hours during the course of a year, this leaves 
generating capacity that is unused and incapable of .accruing 
revenue. This unused generating capacity must be paid. for 
by demand* charges. ^ 

The^basic rate of electricity usage is determined by 
the utility companies and approved by the Public Utilities 
Commission. The cost to the customer is determined by the 
actual energy used, as measured by a meter*. Sin addition,, a 
demand'* charge is made to individual customers for the promise 
to supply sufficient energy for the peak demand of "that cus- 
tomer. This charge is how the utility companies recover costs 
.associated with investment in capacity and equipment to s|r ( ve 
,peak demand. ? 

• \ 
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Utilization of Control Systems 



Many companies have begun using* computer s to regulate 
energy use. This process essentially enables a company to 
more fully utilize its electricity by reducing peak demand 
fof electricity and filling in when energy usage is normally 
low. , Smaller microcomputer systems -are also becoming popular 
for personal home use. 



COMMUNICATIONS 

V 

By the next century, 1 an even more interesting substi- 
tution of electricity into the transportation sector may 
take place. Video communication* may replace business flights; 

Face- to- face, telecommunications may eventually' replace 
physical meeting in many of the,, knowledge or inf ormat ion -in- 
dus tries such as insurance, education, and government. The 
potential for. energy savings is astronomical*. 

It is estimated, for instance, that a gallon of gasoline 
used in an autgmob'ile is equivalent in energy to about three 
days'. of continual- telephone conversation. • 
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EXERCISES 



1. A new air conditioning system Vith a capacity of 

.20,000 Btus has a power rating of 2.2 kilowatts. 

> The present system' used has an EER of* 8.0. .Is the 
■ - i 
/ new system better? 

2/ A three-way light bulb has the f oil o wingt information ; 

listed on the package. Which is the most efficient 

way Qf producing light? 

50-w&tt 580-lumen 

f 100-watt . 1640- lumen • ' > 

1 5 0 - w£ 1 1 " 2 2*2 0 - Lume n 

3. What is. the other major factor that must be considered 
jln analysis of the most economcial ligl)t bulb in the 

• above problem? - 

4. List specific ways to save energy, on transportation. 
Compare .this list' with others in the class. 

5. Determine 'the EER of the air conditioning system 
found at home. / "% 

6. Determine- the Revalue of the insulation found at 
~tiome*. % 

7. " Determiae the mileage efficiency of the automobiles 

k at home 7 . v 
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ENERGY TECHNOLOGY 

CONSERVATION AND USE 



\ 

FUNDAMENTALS OF ENERGY TECHNOLOGY 




MODULE EF-05 
ENERGY ANALYSIS 




OR D CENTER FOR OCpUPATIONAL RESEARCH AND DEVELOPMENT 
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INTRbDUCTION 



Energy conservation actually produces an additional 
source 'of energy: the energy that would normally be wasted* 
This module presents a discussion of how energy technology 
can help a lleviate today's energy problems. The relation* 
ship of energy technology to conserY^dpn is discussed, 
and the general procedures for an energy audit are described. 

Each section of this module is actually an introduction 
to further study in the field of energy technology. 



PREREQUISITES 

4 

The student should have completed Module EF-04, "Uses 
of Energy." 



OBJECTIVES 



Upon completion of this module, the student should be 
able to; v 

1. Interconvert units of energy ^nd power with the aid 
of the appropriate* conversion factors. 

2. List and describe two general approaches toward 
achieving energy conservation* 

3. List and discuss five steps required in. performing 
and reporting anf energy audit. 

4. Given the energ^ input and output, calculate energy 
loss and energy efficiency. 

5. Given efficiencies of various conversion steps, cal- 
culate net energy efficiency of an operation. 
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6. Identify the following terms: 

a. Energy units 

^ b. British thermal units \, 

c . Quad * . 

d. Calorie (c^l) 

e . Kilocalorie' 

f. Joule 

g . Kilojoule 

h. Kilowatt-hour 

i. Energy 
j Power 
k. Watt 

1. Kilowatt 

m. Horsepower 

it. Energy input 

o. Energy output 

p. Energy loss 

q. Net efficiency of energy use 

r.* Energy audit 

s . ' Atrdlt methods 

t. Economic analysis 
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SUBJECT MATTER 



MEASUREMENT OF ENERGY . . 

* 

Any discussion of -energy is usually ' accompanied by 
a variety ^of large numbers describing quantities of energy . 
or power. ; 

For example, in 1979, the United States* consumed a 
total of 80,80*0, 000, 000 , 000,000 ,. or*8.08 x 10 15 , or 80.8 
quadrillion B€us of energy. 

Six point four billion barrels of oil were burned at 
a rate of more than 17 million barrels -a day. 

Approximately* 680 million tons of coal were mined with 
about 500 million tons used for , production of electricity. 

And 19.8 .trillion cubic feet of natural gas were consumed 
at a rate of almost 55 billion cubic feet per day - or more - 
than *600, 000 cubic feet per second. ~~ 

Even larger numbers may be required m some cases. 

For instance, the estimated power output of the sun 
is 3.47 x 10 2 ^ kilowatts* or 3.47 octillion kilowatts. 
Approximately 4.14 x 10 17 watt-hours fall on the earth each 
day. , * 

The wide range of energy quantities and power ratings „ 
is shown in Figure. 1 . Familiarity with energy units and 
power units is; necessary for uilderstanding and analyzing 
.today's energy situation. 
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ANNUAL SOLAR INPUT* 



ANNUAL U.S. ENERGY CONSUMPTION 



- 10 15 _ 



A BARREL OF OIL 



DAILY PER CAPITA FOOO INTAKE 



10 



20 



. 10 10 - 



— 10 5 — 



TOTAL POWER OF THE SUN 



SOLAR POWER TO THE EARTH 



TIDES 



NUCLEAR POWER PLANTS 



AUTOMOBILES 



HORSES 



HUMAN HEART 



ENERGY IN BTUS 



POWER IN WATTS 



Figure 1. Ranges of Energy and Power. 
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ENERGY UNITS 



Energy sources can be measured in many ways. For ex- 
ample, a quantity of p&troleum -can be measured in barrels 
or gallons; natural gas, in , cubic feet; wood, in cords. 
However, the amount of usable energy varies from fuel to 
fuel', and even from sample to- sample. That is, a barrel 
of Saudi Arabian crude oil may contain more or less energy 
than a barrel from Texas. A cord of oak provides more heat 
than a 'cord- of pine. It is, therefore, convenient to mea- 
sure energy sources in terms of available energy, 

A comparison of the theoretical energy available from 

various sources in Btti equivalents is presented in Table 1, 

» 

-However^ one must remember that conversion of one form of 
energy to another can never be 1001 efficient. For example, 
it* requires about 10,000 Btus of available fossil fuel to _ - 
make one kilowatt-hour, which is equivalent to 3,413 Btus, 



TABLE- 1. 'AVERAGE BTU EQUIVALENTS OF COMMON 
ENERGY SOURCES. 



*§ource 


' Quantity 


Available Energy 


Coal t 
Crude oil 

-Liquid natural gas- ~ 
Natural gas ♦ 
Electricity - 


Ton 

Barrel 

Pbund 

C^bic foot 
Kilowatt-hour 


26,000,000 Btus , 
5,800,000 Btus 

21,000 Btus 

1,030 Btus 
3,413 Btus 
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Units commonly associated with energy measurement 
are reviewed below: 

The Btu (British thermal unit) is ^ unit of energy in 
the English system, 'it is defined as the amount of heat re- 
quired to raise the temperature of one pound of water one 
degree Fahrenheit . 

The quad is a unit that is used when considering energy 
on a very large scale. It is equal to one quadrillion 
(1,000,000,000,000,000 or 10 15 Btu). 

The calorie (cal)'is a common unit of heat energy in the 
metric system. It is defined as the amount of heat required 
to raise' the temperature of one gram of water one degree 
Celsius. / * 

The kilocalorie (kcal) is sometimes a more convenient 
unit. It is equivalent to 1,000 calories and is the heat 
required to raise the temperature of one kilogram- of water 
by one degree Celsius. The food Calorie (Cal) is actually 
a kilocalorie. / 

The- joule (\J) , kilojoule (kJ) , and kilowatt-hour (kWh) 
are most commonly used to measure electrical energy. 

A. summary of .the common relationships of the various 
common energy units is given in Table 2. Sample energy con- 
versions are shown in Example A. 



TABLE 2. ENERGY UNITS. 



1 kilowatt-hour » 3,413 Btu = 860,000 calories = 3,60*0,000 joules, 
1 Btu = 252 calories « 1,055 joules, 
1 calorie = 4.186 joules. 
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EXAMPLE A: ENERGY CONVERSIONS, 


Given : 


The 


total energy consumption of the United States 


%, . 


in 


1979 was approximately 80.8 quads. 


Find : f .'. 


Xhe 


energy consumed in the following units: 


k 


a . 


Btus 




' b. 


Equivalent barrels of oil 




c . 


Calories 




d. 


Kilowatt-hours 


Solution; 


a . 


. - , flX 1 0 ^ ^ BtU n n f\ ti-klfi y\ , 

(80.8 quad) (x quad) = x Btus. 




b. 


f « n « „ nn is Pt . n (1 barrel of crude oil# _ 
(8.08 x 10 Btu) (5>s x 10b Btu) 




¥ 


1.39 x 10 10 barrels. 




c . 

• 


(8708-x 10 16 "Btu) ^i^ffi = 
2.04 x 10 1 9 calories. 




d. 


fn n « .. In is- Pt . n (1 kilowatt-^hour) _ . 
(8.08 x 10 Btu) (3^4X3 B tu) 

2.37 x 10 13 kilowatt-hours. 



POWER UNITS - * ' 

Power is the rate of energy flow. Power is defined as 
energy'per .unit time. ^ It is important to remember that energy 
and power are not* the. same. Ihe units commonly associated 
with power measurement £re listed on the following page: 

v 
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The watt (w) is the toasic unit of power in the metric 
system. It corresponds- tc\the passage of one joule of energy 
per sec 

.he kilowlrft (kW) is the most commonly-used power unit. 

i 

A kilowatt corresponds to the passage of 1,000 joules a 
kilojoule, per second. 

In the English system^" power is usually measured in more 
basic units like Btus per hour. An older'term, horsepower 
(hp), is also sometimes used to measure power. 

A Summary ~of" the common ~powe;r J units is given ±n Table 3. 
Sample conversions are prdsented in Example B. 



TABLE 3. POWER UNITS 



1 horsepower = 746 watts*. = 0.746 kilowatts = 2, 545 Btus/hour 



I kilowatt = 1,00'0 watts = 3,410 Btus/hour. 



EXAMPLE B: POWER CONVERSIONS. 



Given: A toaster has* a power rating of 1.4 kilowatts, 

Find: The power rating in the following -units ~ 

a. Watts 

b. Horsepower 

c. Btus/\econd 
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Example B. Continued. 



Solution: 



a . 



(i/4 kW) (l (i°kw) W) = 1 ,400 watts 



b. (I- 14 



^ (1 hp) 

Kr v rn .746 vi 



(0.746, kW) 
> 



=1.88 horsepower 



Tyr410 Btu/hr) /(ljfe 

(3 ,6()Wsec) 



(i.4 kw) (1 m 

1 - 33" Btus/ second 



> 6. 



■ a ENERGY CONSERVATION % 

, The tieed for energy conservation on a national level 

—is very appaxeut* Of the total available energy consumed 

l by s the American economy ^ afmost half is< los.t each' year in 
yarious\confersions before it is finally. put to some final 
purpose. • *. . • 

This enormous- w^s^te is illustrated^ in Figure 2. Of 
course, some loss is ■ unavoidable , since no conversion of 
energy can be 100% efficient. But some way must be found 
to recapture sonje of the tremendous amount of energy lost 
in the genera^ ion-and-use processes. 
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' FOSSIL FUELS 
-15.8 QUADS 



FOSSIL FUELS 
18.2 QUADS 

HYDRO, GEO, 
NUCLEAR 
6.1 QUADS 



FQSSIL FUELS 
21.0 QUADS 



RESIDENTIAL/ 
COMMERCIAL 

19.1 QUADS 



USED 14.8 QUADS 




ELECTRICAL 
24.3 QUADS 



i 



INDUSTRIAL 
24.8 QUADS 



USED 21.3 QUADS 






FOSSIL FUELS 
19.7 QUADS 



TRANSPORTA- 
TION 

19.7 QUADS 



USED 6.7 »QUADS 




J 



c 



TOTAL INPUT = 
80.8 QUADS 



(TOTAL USED =T\ f 
42.8 QUADS J \38, 



LOST = 

o quads; 



Figure 2. Total United- States Energy Input 
and Output - 1979^. 
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t ENERGY SYSTEMS > 

AL1 the energy that ever was still exists. The prim- 
ary law of energy — the first law of thermodynamics — states 
^ that energy can neither be created nor destroyed. 

Although energy can be converted from one form to an- 
other, energy is never really eliminated/ 

In an energy system/ the differSnde in the eftergy input 
'(E^ n ) and the energy output (E Qut ) is defiAed as the energy , 
loss (Ei oss ) of a system. Although energy may also be stored 
in a system, the major relationship for energy conservation 
is given by Equation 1 . 



E n = E . - E Equation 1 

loss in out M 



Energy input is usually in the form* of fossil fuel 
or electricity. Energy output is usually measured by use- 
ful work or products. However, energy lost exists somewhere, 
perhaps in the form of pollution or waste heat. 

Energy efficiency (Eff) is a measui^ of the effective- 
pess of the system to convert energy sou-rces to useful forms 
of energy. Enfergy efficiency is defined as the^ratio of 
the energy output to energy input. This is given by Equa- 
tion 2. 



E * n « ' 

Eff = tt^'x 100 * Equation 2 

b in < . , 
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Example C illustrates the relationships in these two equa- 
t tions . 



EXAMPLE C: ENERGY EFFICIENCY. 



Given : 



F jnd : 
Solution 



An~aTr conditioning system consumes 23.4 — a_ 
kilowatt-hours, or 80,000 Btus, of electrical 
energy- to cool a building one day in the summer. 
Measurements of the inlet air temperature, air 
f low rate, and relative humidity indicate that 
the air conditioning system removed 56,00"04Btus 
of heat from the building/ 

The , energy efficiency and the energy loss of the 
system. 

E. =' 80,000\Btus . 
in ' 



out 



Eff 



56,000 Btus. 



out 



in 



x 100 



56j000 Btu , hn nno 
SOioOO Btu . x 100 = 7(n -' 



E loss E out 



* E . = 80,000 - 56,000 
in ' 9 



24 ,000 s Btus 



r 



The net efficiency of energy use is dependent- on the , 
number of steps required- for conversion to a useful form. 
For example, the fossil fuels must be mined or extracted from 
the earth, then proces'sed and transported to the user. Each ■ 
step invplves some energy cost and -loss, as illustrated in 
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Example, D. Some approximate efficiencies for various conver- 
sions are given in Table 4.' 



EXAMPLE D: NET EFFICIENCY OF ENER GY USE, 

■ w ■ i 



Given: % Tbe efficiencies for cutting, transporting, and 
^burning "wood in a stove are 66%, 98%, and 25%.** 
Find: The net efficiency of the energy using process. ' 

Solution: 

Eff(net) = Eff (cutting).* Eff (transportation) x -Ef f (burning) 
- =.0.66 x 0.98 x 0.25 = 0.16 = 16%. 




TABLE 4. EFFICIENCIES OF ENERGY" CONVERSIONS . 



Source 



Coal 



Conversion 



Mining 
processing 
Transpprtation 
felcctricity 



Efficiency 



66% 
92% 
98% 



Petroleum 



Natural Gas 



Uraniunf 




Wood 



Extraction* 
Refining -"^N 
Transportation 
Electricity 
Oil Furnace ^ 
Tnternal Combustion 
Diesel Engine 

Extraction 
Processing J 
Transportation 
Electricity 
Natural Gas Furnace 

Mining 
^Processing 
.Transportation 

Electricity ^ 

Cutting 

Transportation 
Woodburning Stove 
Open- Fireplaoe 



35% 
88% 
92% 
35% 
40% 



73% 

95% 
-351 
50% 



57% 
.00% 
35% 

66% 
98% 
25% 
8% 
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PRINCIPLES OF CONSERVATION 

The traditional solution to an increased demand for 
energy was to increase jthe supply of energy . However, this 
option is becoming less economically feasible - or even 
possible. Conservation can increase the supply of useful 
ejiergy and save original sources of energy.- This is the 
option of the future. 

Conservation is a'result of any activity that saves en- 
ergy. The mathematics of energy conservation is illustrated 
in Table 5 . i 

* 



TABLE 5. .CONSEQUENCES OF ENERGY CONSERVATION. 



Condition 

*\ 


E. 
in 


^loss 


Eff 


%E out 


Decrease in Demand 


1 


\ • 


Same 




Increase in Efficiency 


' 1' 


. 1 


' t 


Same 


Decrease in Demand + 
Increase in Efficiency 

1 


|| 


: 1 


t 


i 


Increase in Demand + 
Increase in Efficiency 


i 


11' 


tt 

i 


t 


<• 


i 

" i 
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In the first case in Table S, energy is conserved, since * 
the decrease in demand or useful energy (E - % t ) means that 
less original energy (E in ) must be consumed. However, lower- 
ing demand alone means changing lifestyles and an overall 

r 

decrease in the standard of living. This probably is the 
least popular of energy conservation methods. 

Another way to conserve energy is to increase efficiency," 
as in the second case in Table S. N If demand remains the 
same,^ less energy will be consumed, since there is less 
loss. 

Of course, the ideal conservation is a combination 1 
of decreased demand and increased efficiency'. This results 
.in energy savings from two factors. 

This is illustrated in the .fourth conditiqn in Table '5. 
In order to save origihal energy sources (E^) - and per- 
mit an 'increase in the output of useful energy (E t ) - 
the efficiency of a system (Eff) must reduce losses (Ej ) 
more than the increase in demand. 



ENERGY AUDITS' 

1 t An energy audit is a method tp determine the efficiency 
of a systejn and>devise ways to increase it, and, thereby,, 
reduce energy loss. An energy audi^t can be performed on 
a major industry, a production line operation, "a single 
piece of equipment, or the home. An investigation is per- 
formed by skilled personnel to' determine how energy is used 
and wasted. Conservation measures are then .implemented 
to reduce energy consumption. 
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AUDIT METHODS ' 

There are usually five steps ir\ an energy audit proce- 
dure. The first three audit methods involve determination 



of- energy loss.. The others concern analysis for improv^ 
ment of the system. 

1. Measurement of energy consumed . The first step in an 
energy audit is to measure the energy consumed uy the 
system (E^ n ) • This may be accomplished by analysis of 
fuel and electric bills. The amount consumed is usually 

c measured by a meter or some similar device. h 

2. Measurement of useful energy produced . The second step 
is to measure the energy that is considered useful 

(E t ) . This could be in the form of products, heating 
and air conditioning, illumination, miles traveled, or ( 
electricity produced. 

3. Determination of energy losses . If energy input and 
output' can be determined, energy loss can be deter- 
mined by use of Equation .1 . Since ;Lt is difficult to 
ascertain the exact amounts of input and output of a 
large system and the individual energy consuming units 
contained in it, it is sometimes more convenient to con- 
centration determining the losses directly. The impor- 
tance of -the audit process is -to account for all * 

0 » 

losses in tjie system. 

4. Corrective measures . After the losses in a system have 
been determined, it is necessary to devise methods to 
reduce these losses. This may be accomplished by modify- 
ing the building, repairing or replacing equipment, 'or 
changing production procedures. Some specific examples 
are shown in Table 6r 
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TABLE 6: EXAMPLES OF ENERGY LOSSES AND 
CORRECTIVE MEASURES. 



% LOSS 


CORRECTIVE MEASURE (S) 




In Buildings 






Transmitted heat through Windows'..*. 


Add storm windows, shades, drapes. 




Transmitted heat through ceilings ... 


" Add insulation. 




Transmitted heat through walls ... 


* 'Add insulation. 




Dirty (clogged) air filter ... 


Replace filter. 




Pipes and air ducts not insulated ... 


Add insulation. 




In Equipment 






Low Freon in air 'conditioner ... 


Replace Freon. 




Low motor efficiency ... 


Replace brushes in armature. 
Operate at correct speed. 






Operate at rated horsepower. 




Poor gas mileage in automobile ... 


Tune engine. 




*, 


Inflate tires. 




Poor boiler efficiency ... 


Optimize combustion process. 
Increase insulate. 






Clean burners. 




In Procedures 






Building cooled or heated beyond 
guidel ines . . . 


Reset thermostat and prevent 
process to change. 




Waste heat from process vented outside ... 


Recirculate waste heat to heat 
building or cycle through 
heat exchanger . 




Conveyor belts and machines running 
idle ... 


Turn off equipment when not in 
use* 


j 



5. Economic - analysis . Each method, for reducing loss must 
be analyzed in terms of cost. This requires a con- 
sideration of whether dollar savings from reducing 
energy consumption over an extended period of time 
are greater than the cost of making the change. 



4 • 
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The actual results of an energy audit are illustrated 
in< 4 Example E. . 



Given: 



Find: 



Solution: 



EXAMPLE E: ENERGY*- AUDIT SAVINGS. 



An energy audit was performecT~on the air condi- , 
ticming system* in Example C. Measurement and 
observations revealed that losses were occurring 
in the air conditioning as a result of low Freon 
pressure, drive belt slippage between the, motor 
and compressor,, a dirty filter, and, poorly- in - 
'sulated air ducts. When these deficiencies were 
corrected, the air conditioner consumed the same 
amount of electricity, but removed 65,000 Btus 
of heat from the building. 

The reduction in energy loss and* the riewvenergy 
efficiency of t-he air conditioner. 



E. = 80,000 Btus. 

in . 



E «. fe 65 ,000 Btusv 

OJ4t 



E, = E. 
loss in 



E ^ = 15,000 Btus. 
out ' 



Loss Reduction = Original Loss - Final Loss 
• t = '24,000 - 15,000 
= 9,000 Btus. 

err _ 65,000 B tus inn — AT-^ 
E£f " §0,000 Btus X 100 " n °' 
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ECONOMIC ANALYSIS 



•Analysis of a project must be considered in terms of 
energy savings compared to the costs of the energy savings. 
The best way to perform the economic analysis is to convert 
energy sources into costs and then compare them to project; 
costs.. Saving money is the best initiative for energy savings. 



A typical example of cost analysis is given -in Example 



EXAMPLE F: COST ANALYSIS, 



Given: 



Find: 



Solution : 



The installation of -storm '.windows on a given home 
would cost $7 ,000 and. will save 25% in heating 
and air conditioning costs. The average bill for 
heating and air conditioning is $100 per month. 
The savings per year and whether the project 
should be undertaken. 

Savings per year = $100 x 12 x 0.25 = $300 per year. 

If the $7,000 were deposited in the bank to draw in- 
» > y 

terest at 6%, however, the annual interest would 

amount t^o over $490. The project should not be im- 
plemented, since $190 would be, saved by not saving 
energy. 
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, • EXERCISES 

1. The^a/verage consumption o'f food for a human is' about 

3,^000 ,kilqcalories per day. Calculate the energy* in the 
Allowing units: 
a. Calories 

b - -St u s — __ . 



c Kilowatt-hours 



d. Joules 



2/ A homp heating unit can deliver 10,000 Btus per hour. 
Calculate the power rating of the following units? 

a. Watts 

b. Kilowatts 

(( * c. Horsepower v « ^ 

3. A building cons'umes energy according to the following 
data. Find the daily energy use in kilowatt-hours. 

Units Rating Time, Period 

1 , electric heater 10 kW 10' min/hr 

2*0 light bulbs 100 W 6 p.m. - 9 p.m. 

1 neon light . 500 W 7 -a.m. - 9 p.m. 

1 water heater • 12 kW 5 min/hr 

1 - computer system--*- — — &-a~.jn — — iLpuflb 

2 teletype machines • 1 kW 9 a.m. - 4 p.m. 

4. A fireplace burns wood with a total of 5,000 Btus in an 
evening. It provides 1,000 Btus of heat to the room. 9 
Determine the amount of energy lost and the efficiency 
of the fireplace.* 

5*. Calculate the total energy produced in joules if a 600 
kW system operates for 24 hours. 

6. Make a table' of equipment or appliances found in the 

home with the power ratings of^each. Analyze which re- 
quire the most energy. ■ 



t. 



> 

I 
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7. A solar power plant" could operate with four square miles 
of collectors at 1001 efficiency. Calculate the area 

if the plant were only 201 efficient. 

8. Using the data in Table 4, determine the net efficiency 

« 

of the* following Conversions of energy: 
a. Use of coal to provrde electric lights 

tr; Use - of uranium to p r ovide elec tr ic ligh ts 

c. Use of petroleum to provide .transportation + 
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MODULE EF-06 
ENERGY & THE ENVIRONMENT 




CENTER FOR OCCUPATIONAL RESEARCH AND DEVELOPMENT 



INTRODUCTION 



This module presents an overview of energy a^the bind- 
ing force of the environment. Energy use produces waste^ 
heat and matter. Environmental problems related* to air , 
water, and land pollution are discussed. • Possible, solutions 
are considered. 



PREREQUISITES 



The student should have completed Module EF'-OS, "Energy 
Analysis . ^ • 

OBJECTIVES 

U! 

V 

Upon completion o'f this module, the student should be 
able to: 

1. Give the five major biogeochemical cycles of nature. 

2. Write a brief definition of the environment. 

3. Discuss the major effects of energy use on the air, 
, water, and land. 

4. List the.majcfr air pollutants derived from energy use. 

5. Discuss Athe major sources of water pollution. 

6. Discuss the major sdurces of land pollution. 

7. Identify the following terms as they are discussed in 
this module: 

a:. Biogeochemical cycles 9 
vb, H'ydrological cycle (H2O) 

cv jCarbon-oxygen cycle (CO2-O2) * 
cd. ^Nitrogen cycle (N2) , 

e i Sulfur cycle (S) 
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f. ^Phosphorus cycle (P) 

g. Carbon monoxide (CO) 

h. Particulates 

i . Sulfur oxides 
j . Hydrocarbons 

k. Nitrogen oxides 

1. Carbon dioxide (C0 2 ) 

m. Thermal pollution 

n. Ecosystems 

o . Strip mining ^ ' 

p. Underground mines 

q. Acid drainage 

r. Pipelines 

s. Reclamation 

t. A Catalytic converters 

u. Nonregenative processes 

v-. Regenative processes 

w. Scrubbers 

-X. Cooling towers / 

iy. Nuclear wastes 



/ 

/ 
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SUBJECT- MATTER 



_ ENERGY AKD THE ENVIRONMENT 

The way energy is 'used is extremely important to sur- 
vival and social development. The enormous use of energy 
by present society requires that : tremendous amounts of fuel 
be extracted from the earth. Fuel extraction can cause , 



major disruptions of the environment. These negative as"- 
pects of ei^ergy use must be considered in *the quest t(f main- 
tain a safe world. 



THE ENVIRONMENT 

For- many years, most people wer$ not aware that there 
was an environment - until it- changed, ^ike energy, an 
environment can be altered, but it can never be destroyed. 
There will always be an environment. This environment may 
not, however, be the environment most^en-ef icial to the 
future of mankind. * - ' ^ 

Most o£ the energy used until nuclear power was devel- 
oped was derived from the effects of the sun. Solar energy 
is absorbed and # stored in plants by photosynthesis and pro- 
vides the energy found in food. The 1 energy stored in fossil 
fuels i's also indirectly derived from the sun. Solar energy 



provides the winds in the atmosphere, tip tides of the oceans 
,and the rain, that fills ^the rivers. Fifel is needed by every- 
thing that moves in society** and , perhaps mffst importantly, 
by e'V.ery- living* organism .in the form of food.^ Energy is the 
.resource ftecessary for all things on this planet. 



* 
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Matter moves^ through cycles about ^the earth simil^rJpD 
energy. Since most of the matter cycles are *related*to liv- 
ing things, they are referred to as bio^eochemical cycles . 
There are five pf these , j^iipbr^ajre of great importance to 
life: the hydro logical cycle (H2^0)^the carb.oy-oxygen cycle 
(CO2-O2), the nitrogenN:ycle (N 2 ) , the sulfur cycle ,(S) , and, 
the phosphorus cycle (P) . * ^ ^ 

The, most common and most-often-affected of tljese cycles 
is the hydrol ogical cycle. Water covers mo re than 701 of 



the surface of the earth. The hydrological cycle" contacts 
almost every square inch.^ Direct burning *of large quanti- 



ties of 'fossil fuels also directly affects the. carbon- oxygen 

\ y * - 

cycle. These are both pictured in Figure 1. •> 
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Figure 1. HycLrp logical Cycle and Carbon-Oxygen Cycle. 
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Other biogeoch'emical cycles are illustrated in Figure 
2. > Nitrogen -composes ^about 78% of the atmosphere and'is 
controlled by microorganisms, since nitrogen gas is inert 
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/Sim*** J <*^^ 
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Figure 2. Sulfur, 4 Nitrogen,, and Phosphorus 
Biogeochemical Cycles . - 
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to other forms of life. 4 Although phosphorus is less common 
than- nitrogen, it is a very important nutrient for living 
organisms; Sulfur is also an important element, since most 
coal reserves contain high sulfur levels. 

Development of energy sources can affect these biogeo- 
chemical cycles by creating extra inputs or outputs. Since 
each cycle is important to the stability of an ecosystem , 
care must be taken to avoid major disruptions. 

EFFECTS OF ENERGY USE ON THE ENVIRONMENT 

Throughout the history of the United States, Americans 
have developed careless energy habits. Early settlers har- 
vested — but 'rarely replanted. When. the fossil fuels became 
more important, the same pattern was followed. The vast 
natural reserves of this country were developed and used 
with no £lan for the future. * 

When population was low, there were^ no problems with 
waste disposal. a Early settlers used most of their fireplace 
residues to make soap and fertilizer. Other wastes were 
carted some distance from home-for t f ree venting to the forest 
ecosystem. As the demand for energy increased, so did the 
weight of residues. Today, many urban areas are packed with 
people and the envirfcnment can no ionger absorb these 'pollu- 
tants, residues, and wastes. The choice for the future is 
t,o breathe and drink it or to pay to remove it, prevent it, 
or, clean it. 

There are also other difficulties' arising from energy 
production. The amount of land required for' fuel production 
and energy conversion and distribution is a problem, and, - - 
this will continue as long as the' demand for energy use 
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continues. More than just the land is at stake. > ' The 
attractiveness of the environment is also involved. Strip 
mining, power lines, and electric utilities are, "changing 
the environment as more energy -use. is required to keep pace 
with demand. 

The United States has always been involved in resource 
exploration. Future exploration and exploitation could 
cause major environmental problems unless dealt with in an 
effective and timely manner. The energy/envfronmental issue 
has^always been present in American society. Although some- 
times reduced to an argument of progress against 2 status quo, 
thi? controversy will continue to be an important factor in 
determining the pattern of energy use^ in the- future. Any ,' 
energy policies must consider "the 4esire of most Americans' * 
for an increased economic and environmental standard of liv- 
ing,. * f 

Most of the concerns about energy and the environment 
revolve around specific pollutants that influence the bio - 
sphere . In this section, effects of energy use on the air, 
water, and land will be investigated. 



EFFECTS OF ENERGY USE ON THE AIR 

Approximately 85% of the air pollution in the United 
State.s is associated with the burning of fossil fuels. A 
survey performed by the National Air Pollution Control Ad- 
ministration (NAPCA) in 1968 identified energy conversion 
pperetipns in motor vehicles and fossil fuel power plants 
as. the major source of carbon monoxide, particulates, sulfur 
dioxide, hydrocarbons, and nitrogen oxides. These pollutants 
have the potential of impairing health, creating annoyance, 
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and causing property ' damage. The total emissions of these 
pollutants are indicated in Table 1. , 



TABLE 1. ESTIMATED NATIONWIDE EMISSIONS - 1968 
, i (in 'millions of tons per year) . 



Source 


Ca rbon 
monoxide 


Partic- 
ulates 


Sulfur 
oxides 


Hydro - 
carbons 


Nitrogen 
oxides 


Total 


Transportation 


6 3.8 


1.2 


0.8 


16.6 


8.1 


90. 5 


I : uel combustion in 
stationary sources 


1.9 ' 


8.9 


24.4 


0.7 


10. 0 


45.9 


Industrial processes 


9.7 


7.5 


7.3 


4.6 


0.2 


29.3 


Solid waste disposal 


7.8 


1. 1 


0.1 


•A 


0.6 


11.2 


Forest ' fires , agri - 
cultural burning, 
coal waste fires 


16.9 


9.6 


0.<i 


8. 5 


•1.7 


37.3 


Total 


100.1 


28. 3 


33,2 


32.0 


20.6 


214:2 



Carbon Monoxide 



Carbon monoxide (QO) is a poisonous gas produced by 
incomplete combustion of organic materials. The carbon 
monoxide formed' can remain in the air* for periods of one 
month to five years, depending on atmospheric conditions. 
High concentrations can build up unless CO is otherwise 
dispersed. The emission factors for carbon monoxide from 
uncontrolled sources at^ average operating conditions are 
given in Table 2. 
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TABLE 2. CARBON MONOXIDE EMISSION FACTORS. 



Source 


Average emissions per* 
unit of fuel burned 


Coal 

Household and commercial 

Industry 

Utility 

Fuel 

Household 

Commercial and . industrial 
Utility 

Natural Gas 

Household and pommercial 
Utility and industrial 

Others 

Gasoline-powered vehicle, urban 1970* 
Diesel -powered bus and truck 
Jumbo jet aircraft 


10 lb/ton 
2 lb/ ton ' 
lb/ton 

5 lb/1, 0O0 gal 
0.2 lb/1,000 gal 
0.04 lb/1,000 gal 

20 lb/million ft 3 
0.4 rb/inillion ft 3 

2,620 lb/1,000 gal 
225 lb/1,000 gal 
28. lb /engine - flight' 



Carbon monoxide is a serious health hazard. It provides 
•no prior, warning, since carbon monoxide is colorless, odor- 1 
less, and tasteless. When inhaled, carbon monoxide is .quickly 

absorbed by the hemoglobin. As the hemoglobin becomes satu- 

( 

rated with cairbon monoxide, the blood decreases its ability 
to carry oxygen. Headache, nausea, unconsciousness, and 
death may occur quickly with continued exposure. 
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Particulates 

The burning of coal in electric <power plaints accounts 
for about 64% of all particulate emission. Particulates 
may be defined as any matter, solid, or liquid iiuwhich 
individual particles are larger than a molecule but smaller 
than 0.5 millimeters. 

The particulates released from the burning of coal are 
mostly in the form of fly ash, which is composed of carbon, 
silica, alumina, and iron oxide. Although oil ha^s a much 
lower ash content than coal, it is also a source of partic- 
ulate emission. Motor vehicles release particulate "emissions 
of lead compounds, carbon, and metallic oxides. 

Emission factors for particulates from uncontrolled 
sources are listed in Table 3. Notice that the actual emis- 
sion from coal is dependent on the ash content of # the fuel 
and the type of burning -process. The average ash content 
of bituminous coal is -10$. 

Fine particulate matter in the air has adverse effects 
on buildings, structural materials, and health. It may also 
have long-term effects on the thermal energy bal'anc£ of the 
earth by reflecting some of the sunlight as it passes through 
the atmosphere. ^ 

A 1% increase in the cloud cover of. the earth could 
reduce the average temperature of the earth by 1.4°F. An 
increase of S% could lead to the return of an ice age. Vol- 
canic eruptions are believed to account for most of the par- 
ticulate contamination of the upper atmosphere and can cer- 
tainly cause meteorological changes. Jet aircraft exhausts 
add water vapor and particulates to this portion^of the atmo- 
sphere and can also contribute to varying, weather conditions. 
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TABLE 3. PARTICULATE EMISSION FACTORS. 



Source 


Average emissions per 
unit of fuel burned ' 


Coal , Bituminous 










General 




16 


A lb/ton 




Dry bottom 




1 7 






Wet bottom 




13 


A lb/ton 




Cyclone 




2 


A lb/ton 




Hand- fired equipment 




20 


lb/ton 




Residual Oil 










Utility 




8 


lb/1,000 


gal 


Industrial and commercial 




23 


lb/1 ,000 


gal 


• 

Distillate Oil 










Industrial and commercial % 




JL o 


lb/1,000 


gal 


Household. 




10 


lb/1 ,000 


gal 


Natural Gas 








* 


Utility 




* 15 


lb/million ft? 


* Industrial' 




18 


lb'/raillion ftr 3 


Household and commercial 




19 


lb/million ft. 3 


Others 










Gasoline-powered vehicle, urban 


1970 


8 


lb/1 ,000, gal 


Diesel-powered bus and/truck 




13 


lb/1 ,000 


gal 


Jumbo jet^aircraft 




10 


lb/engine 


-flight 


NOTE: Where letter A is shown, 
the percent ash in coal* 


multiply number given by 



J 
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Sulfur Oxides 



Sulfur dioxide (SO2), and to a much lesser extent sul- 
fur trioxide (S0 3 ), are also produced during combustion of 
fossil fuels. Most sulfur oxides originate * from burning <■ 
coal and oil. Emission factors for various uncontrolled 
sources are given in Table 4. Actual emission depends on 
the sulfur content of the fuel consumed. The average sulfur 
content of coal is approximately 2.5%; the average sulfur 
content of £rude oil is about 0.3%. 



TABLE 4. SULFUR DIOXIDE EMISSION FACTORS. 



Source 


Average emissions per, 
unit of fuel burned 


Coal 


' 38 S lb/ton 


Residual oil • 


157 S lb/1 ,000 gal 


Distillate oil 


142 S lb/1,000 gal 


Natural gas 


' 0.6 lb/million ft 3 


Gasoline-powered vehicle, urban 1970 


5 lb/1,000 gal 


Diesel-powered bus and truck 


2 7 lb/ 1,00 0 gal " . 


Jumbo jet aircraft 


2 lb/engine- flight 


NOTE: .S indicates percent sulfur in 


fuel. 
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Sulfur dioxide can cause corrosion, damage plant life, 
and' cause „or aggravate respiratory illness in humans.. It 
is the major irritant, in London-type smog. * Many deaths have 
been attributed to sulfur dioxide in the past when this type 
of smog was more common* In addition, the sulfur oxides can 
>react with water in the atmosphere and form sulfurous and 
sulfuric &cids. 



Hydrocarbons . • 

* * 

Other pollutants to the atmosphere are hydrocarbons , 

These emissions are from evaporation of fuel from vehicles, 
f uel-handlijig operations, and unburned fu6l in vehicle ex- 
hausts. Emission factors for various sources of hydrocarbons 
ar-e 'listed in Table 5. 

Man/ of the hydrocarbon compounds lost to the atmosphere 
are the lower boiling fractions of petroleum. However, some 
are products from incomplete combust ion of fuel. A number 
of these compounds can react with other pollutants to form 
strong oxidizing agents th-a£- can cause corrosion of many 
materials. Some are also carcinogens. 



i 
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TABLE 5. HYDROCARBON EMISSION FACTORS. • 



Source 



Average emissions per 
unit of fuel burned 



Coal 

Household and commercial. 
Industry 4 
Utility 



Fuel, Oil 
Household 



rci. 



'Industry- and commercial 
Utility ' \ 

Natural Gas 

Household and commercial 
Utility and industry. 

Others 



Gasol ine -powered vehicle , urban 197 0 
Diesel-powered bus and truck 
Jumbo jet aircraft 
'Vehicle gas tank and carburetor 
Filling of automobile tanks . / 
Filling of service -station tanks 



3 lb/ton 
1 lb/ton 
0.3 lb/ton 



3 lb/1,000 gal 
3 lb/1,000 gal 
2 lb/1,000 gal 

/ . • 

8 lb/million ft 3 
40 lb/million ft 3 



330 lb/1,000 gal 

37 lb/ 1,000 gal 

3 lb/e/tgine-flight 

""75 lb/1 ,000 gal 

12 lb/1,000 gal 

12 lb/l',000 gal 



Nitrogen Oxides 



Nitrogen oxides are also emitted during the combustion 

.of fossil fuels. Nitrogen dioxide (N0 2 ) is the most commorP 
9 - ■ J - 



Page. 14/EF-06 



17 



) 

oxide of nitrogen class-ed as an air pollutant. It can react 
with oxygen in the air to produce ozone (0 3 ) , a very strong 
oxidizing agent and &ir-pollutant . Table 6 shows average 
uncontrolled emission factors for nitrogen dioxide. 



TABLE 6. EMISSION FACTORS FOR NITROGEN OXIDES. 



Source • 


Average emissions per 
unit of fuel consumed 


Coal ■ 


• 


Household and commercial 

Industry 

Utility 


6 lb/ton 
18 lb/ton 
18 lb/ton 


Fuel Oil 




Household and commercial 

Industry 

Utility 


12 lb/1,000 gal 
40 lb/1,000 gal 
105 lb/1,000 gal 

m 


Natural Gas 




Household 

Commercial \ 
Industry \ 
Utility \ 


50 lb/million ft 3 
100 lb/million ft 3 
230 lb/million ft 3 
390 lb/million ft 3 


Others 




Gasoline -powered vehicle , urban 1970 
Diesel-powered bus and truck 
Jumbo jet aircraft 


183 lb/1,000 gal 
370 lb/1,000 gal 
6 , lb/engine- flight 
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Nitrogen dioxide and ozone are the major irritants of 
Los Angeles-type smog that is caused by heavy vehicular 
traffic. Both nitrogen dioxide and "ozone are ctangerous to 
life. 



Carbon Dioxide 

f 

Another potentially troublesome product from burning 
any fossil fuel is carbon dioxide (CO2) . Although C0 2 occurs 
naturally in the atmosphere, the average concentration of 
carbon dioxide in air has increased about 10% in" this coun- 
try, due to increased use of fossil fuels. 

Some scientists speculate that an increase in the atmo- 
sphere's carbon dioxidej cbncent rat ion will increase the 
ability af the atmosphere to retain solar energy and lead 
to a? gradual warming of the earth. This is called the green- 
house effect. A slight increase in the average temperature 
of the earth would cause , increased melting of the polar ice 
caps ancf flooding all over the world. i 

Other scientists disagree with this view\ since the 
•equilibrium capacity of the oceans may absorb any excess 
carbon dioxide. In addition atmospheric dust has increasVd^ 
at about the same rate as carboif dioxide production. These 
dust particles would, tenci to block out some of the solar 
radiation hitting the earth. . * , 

However, in the future, increased carbon dioxide con- 
centrations could become an important factor in changing the 
climate of the earth during -the nejxt century. Increasing 
levels of carbon dioxide and particulates puts the balance 
of nature in a precarious state. 
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EFFECTS OJF ElffRGY ,USE ON WATER 



-Water is an abundant resource. Water covers more of 
the surface of the earth than does land. Water is necessary 
for every form of life ©n the 'planet. Water is* also used 
for the generation of electricity, for cooling nuclear reac : 
tors, and -for many other energy-related applications. 

9 

The major impact energy iise has on the waters of the 
earth is in the form of thermal pollution. Waste heat re- 
leased"to the water or air emerges in the hydrological cycle, 
where great quantities of water circulate to maintain the 
heat balance of the ea^th. Use of energy also results in 
direct w^ter pollution and disturbance of natural ecosystems. 



Thermal Pollution y x 



Thermal pollution is produced when waste heat is re- 
leased into the environment. Electric power generating 
plants release waste heat when electricity is produced. 
Automobiles release waste heat through exhaust and coaling 
systems. 

Heat releasedTin the" Boston-Washington corridor equals 
15% of the net solar radiation in summer and 50% in winter. 
The resulting urban heat island increases 'the .temperature 
over the cities by a,s much as 15°F. Areas of high thermal 
pollution can cause significant meteorological changes. 

The oxygen content and the., temperature of water is 
critical for most aquatic life. Heated water released into 
an aquatic ecosystem lowers the dissolved oxygen of that 
system. Changes in the ecosystem are sure to foliow lower- 
ing dissolved oxygen, since many forms of life cannot survive 
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in oxygen-depletsd waters. Increasing water temperature 
£&n also increase the toxic effects of v'arious pollutants\ 
and (fnange the entire food chain. 



% 



Direct Water Pollution 



The transportation of oil is also a source of tremen- 
dous pollution to the marine environment. The tankers used 
are so dangerous that insurance for them carf seriously cut . 
into profits.^ ^As a result, many tankers register under tfref . . 
flags of third world nations, which do notsrequire the safety 
standards common 'to most international vessels. 

Many oil tankers havte broken apart or, collided an4 
caused -oil spills in ^ust ^about ev^xy part of the world.- 
In 1969 , approximately^ 0.1% of all the oil produced that 
yeat was released into the oceans. Offshore oil wells on * 
floating platforms ajre also a ■ spurce, of direct water pollu- 
tion.* 

Acid min^ drainage, consisting of#sulfuric< acid and 
iron compounds formed b)Oeactibn of water and air with 'sul- 
fur-containing minerals, contaminates local streams and 
rivers in coal mining areas. Both abandoned and Active *coal 
mines contribute to this form of water pollution. 

* 

Disturbance of Natural Ecosystems . - * 

Development of a hydroelectric y dam not only ^changes 
the ecology of the .river, it takes one natural ecosystem^ * 
and creates two hew smaller ones: the lake, above the dam 
and th-e^downstream river. These dams -can adversely affect 
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aquatic life. 'Due to extensive usq of hydroelectric power* 
in the northwestern United States, elaborate and costly fish 
Tadders had to be constructed so_ that salmon could rea<:h 
their* spawning . grounds . • * 



EFFECTS OF ENERGY USE ON THE LAND V 

9 • ' Light energy from the sun produces many products such 
as food and wood, which are high-energy-containing sources^. 
These energy souroe^s-^ai^-jioX-JEQrjned rapidly, however, and 
cannot* adequately supply all .the^energy needs of the world. 



The fossil fuels* and uranium are concentrated energy 
sources Stored in limited "quantities in the crust 6f the 
earth. In 6rde* to extract fossil fuels and* uranium for 
use, the land must be disturbed in some way. The mining of 
these fuels* —"particularly coal - can cause major change? 
/in the land. ^Transportation of fuels in pipelines can also 
lead to land pollution. In' addition, the development of 

a 

future, .energy sources must be' cons idered in terms of 
development's effects on the land. . 

% T 
. *. . ' ' ' " 

Mining 1 , * 

• Although the use of coal has many environmental impacts, 
'the most .visibly impact is pertainly strip mining . In 'this* 
procedure, the earth removed in one 6 cutf' is usually dumpe.d , 
into/ tfie '"empty spac^ left by the previous cut, In addit-icfh 
to disruption of the land surface, a major environmental im- 
pact Tffonf strip mining is 'the ru&pff of rainwater ca^ryinj 
silt, which can pollute an<£ clog » streams &n£ prematurely, fill^ 
reservoirs. • «■ ' • 

^ *t * + * 

• > • ♦ *» * 

e - « 
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In contour mining, the earth is dumped downhill, de-* 
stroying vegetation and property below, clogging Streams , 
causing mud slides, and aggravating problems of runoff. y 
Contour mining is often done in wilderness areas, which ate 
even more difficult to restore than inhabited areas. 

The total acreage of underground mines in the United 
States is equal to the surface area of Maryland and Delaware 
combined. Underground mines, eventually settle and collapse, 
causing land slides. Disorganization of the rock strata 
during deep mining also upsets the water table. Water moving 
through the substratum carries toxic materials and eventually 
-d±-sefr arg e s toxic — materials into open ecosystems. In*coal^ 
mining, this is known as acid drainage . The acidity has 
incg^ased so much in some Appalachian streams ^that fish and 
plant life cannot survive. • 

Fires in abandoned coal mines are difficult to 'control. 
These fires also burn for long periods of time. One coal 
mine fire in Ohio has been burning for almost 100 years. 
In addition, coal mining also produces large amounts of 
solid waste. This unusable wast ^.contributes to soil ero- 
sion and produces water pollution problems. 



Pipelines 

* . 
About two-thirds of domestic crude oil and natural gas 

is . transported through the over 200,000 miles of pipeline 

in the Ujiited States. Each year, hundreds of natural gas 

pipeline accidents are reported. The Alaskan pipeline m . 

.carries <petrole\im -800 'miles from tha*Uil-rich North Slope 

*of Valdez,"* Alaska, "fojr tanker shipment\to -refineries^ ^his 

pipifine is 'a * dormant threat to- the wildlife and forests 
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of Alaska. It may also have already disrupted the migra-tory 
patterns of many "birds. 



Solar Collectors 

Because it is so diffuse, .solar energy requires J.arg§. 
qollecting surfaces to produce Useful amounts -of fuel or 
energy. A medium-sized power plant would require perhaps 
5,000 acres of land with collecting mirrors covering half • 
that surface. The shading for the solar collectors 'will 
change the environment by changing the surface absQrption 
and evaporation, lowering surfacp temperature, .and changing 
.surface wind patterns. The change brought about by shading 
could be beneficial, since increased moisture retention 
would encourage vegetation. 



POLLUTION CONTROL 



All forms of energy conversion ^eave unwanted by-prod- 
ucts such as heat, air pollution, sca:rred land, or contami- 
nated water. Technology will not eliminate these* negative 
aspects. That is/ combustion will always produce nitrogen 
oxides and carbon monoxide; c6al will always release sulfur; 
oil Vill always • release hydrocarbons" to .the air., If nuclear 
energy "becomes* more important, <there will be a new set of 
problems. The-main obj-ective of technology in this area is<" s 
to'' ^minimize adverse effects on the environment. This can 
be accomplished by land reclamation, controlling devices, # 
^and safe - handling of wastes. 
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RECLAMATION . 

- "Since natural reclamation of stri?)? -mined' land takes - 
thousands of )&ears, human restoration of the land is ex- 
tremely important, ^federal regulations /require t}iat strip- 
mined areas be^ reclaimed so, that forests can grow again". 
This is a very expensive ^process for the coa'l mining* indus - 

All ecosystems .can withstand moderat-e acid drainage • /- 
through dilution or neutralization. Acid drainage can best 
be controlled by decoupling offending mines from their sur- 
roundings. This could be accomplished by diversion of v^ater 
flow or mine sealing. The effluent could a^Ls'o^be neutralize 
with synthetic^ pompounds . Since cdst of thes£ procedures is 
higfi, they are not presently considered.ro be 'economical 1% * 
practical. - % >* 

However, with the growing demand for coal, future sur- 
face mining can be expected to increase and affect largs 
laifd areas. While reclamation is fairly straightforward in 
the eastern United Stat es ,' where w£t'er is- available to ini-" 
tiate quick'grow.th of jiew plants, the scarcity -af water in 
the arid western states is likely to make land reclamation 
much more difficult.' 

Strip mining areas are. al^so under Sj£|/dy as possible 
solid waste d^sp^sal sites. Two problems dan then result 
in a solution. 
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DEVICES AND EQUIPMENT 



Although devices and equipment used- to protect the 
environment from pollutants contribute very little to the 
overall national energy demand, they-have contributed to an 
improved ^environment . Some of the more useful ones are dis- 
.cussed in this sectiqg. 



Emission Controls for Automobiles ' 

'In 1979, over 100 million cars consumed about 15% of . 
the total energy demand of the United States. 'The large 
amounts of fuel consumed by motor vehicles has made them a 
very significant source of pollution. ». 

In thF^past decade, th.ere has been a trend toward 
lighter cars with better fguei economy. This trend has re- 
suited in fewer emissions. Increased use of. emission con- 
trols ha,s also improved air quality. Catalytic converters 
increase the' oxidation process by converting more of the 
hydrocarbons and carbon monoxide to carbon dioxide and water 
Future emission control device improvement could lead to 
better fuel economy. 

* « 
Sulfur Oxide- Controls for Power Plants 

Nonregenerative and regenerative processes to remove 
sulfur oxides from power plant flue gases, by scrubbing tech- 
niques are now being empl6yed.* * 



"loo 
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"With the nonregenerative type of system, which employs 
a lime and- limestone scrubbing process, the reaction product 
in the scrubbing slurry is discarded. With regenerative 
systems, which, use either the ammonia or 1 " magnesia scrubbing 
process, the reaction product is converted to a useful end-- 
product, and the scrubbing liquid is continually replenished 
by regenerated materials. The ammonia scrubbing liquid can 
be converted to fertilizers and the magnesia liquid" can be 
used to foi:m sulfuric acid. ' S 

More, -and more of these scrubbers are being installed 
in a powejr plants. The small energy demands associated with 
control ot sulfur oxide pollutants are a small price to pay* 
for clean air. In addition, these devices allow the burning 
of high-sulfur containing coal, which is the most common type 
of coal. - \ 



Cooling Towers 



Trading thermal pollution of water for thermal pollu- 
tion of "air is a common practice. Many utilities have 

« . * 

elected to use cooling towers and ponds, rather than natural 

'lakes and rivers. - ^ 

m Many power plants use either a wet or dry cooling tower. 

In a wet/ tower, cooling takes place by evaporation. These 

v ✓ 

towers operate well in cog^l , dry climates. Since water is 
emitted into- the atmosphere, fog conditions and loca^l rain 
can take place.. ' 

A dry tower is basically a large radiator. The cooling _^ 
water flows through finned tubes and is cooled t>y air pass- _y 
ing.'o.ver them. TJiis t;ype of tower is much more expensive to • 
construct than a wet tower, but it has no water .loss and no *• 
^ • 
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adverse effects on the weather. Dry towers could be used 
to .supply cooling for the western states, since water ds 
recycled. 



WASTES 

Vast amounts/frf waste are also associated with energy 
demand and* supply. Water, solid, and nuclear wastes are 
discussed in this section. 



WASTEWATER 



The amount of energy needed to treat wastewater depends, 
y on the*degre$ of treatment needed and the, process used. IKe 
i energy N is uSed for electricity to operate pumps, scrapers, 
compressors,, chlorinators , and so forth. 

.^Although the total 'energy required to recycle water is 
le\ss than 1%* of the "total energy consumed, it certainly is 
a. ve£y important part of the relationship of energy use and 
• the environment. 



SOLID WASTES _ «*■ 

Proper 'disposal of solid wastes is usually considered 

to be in the form of sanitary landfills, this proc'ess would 

also involve less than II of the total energy consumption of 

the United States-. * About four times* as muth. energy could be 

* * * 

generated fr^m recovering energy from solid wastes than it 

fakes to 'dispose of splid wastes. • X 
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NUCLEAR WASTES 

The ultimate value, of nuclear energy cannot be deter- 0 

mined until the costs associated with safe disposal of 
nuclear wastes can be calculated. Most opponents to nuclear 
poweV. d6 not fear the .risk, o'f accident as much as the envi- 
ronmental problems of nuclear waste. This nuclear waste 
must be stored in a permanently stable .container , sLnce 
nuclear wastes may be dangerous to life for hundreds of 
thousands of years. 

Salt mines have been utilized for storage, since they 
are geologically stable formations. Reprocessing can re- 
cover some fuel for further nuclear reactions. Other prob- 
lems' with nuclear fuel and wastes are in transportation to 
and frpm the power plant. Although containers have been 
developed that can withstand collision with a railroad train 
the pToblem of terrorism remains," 1 



m * f 
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EXERCISES 



If there is a nuclear power plant in the area, find 
the average emission of radioactivity and compare it 
to the 'background radiation of the area. 
List the top three sources of air, pollution for each 
of the following: 

a. Carbon monoxide 

b . Particulates 

c. Sulfur oxides^| ^ 

d. Hydrocarbons * 

e. Nitrogen oxides t x 

Prepare a list of common pollutants to the air, water, 
and land f r om home err e r gy xxs^-r — 



4. Make a list of the environmental advantages and dis- 
advantages of wood burning stoves. ^ 
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PREFACE 

Enerdy is a' topic of discussion and concern' for' almost 
everyone. Tlrbs-^i^ particularly true of utilities and corpo- 
rations that haMe an interest in communicating, data concern- 
ing en^gy^mfrces^ reserves, production, conversion, trans- 
portation and transmission, as well as energy distribution, 
util : izatil>n^ and the energy/ environmental internee. As a 
result, "a wealth of information is available in the^fprm of 
publications and films, many of which. are free for the asking 
or free on loan . 

The ""Energy Resource Guide, " Module EF-07« of the Funda - 
mentals of Energy Technology course, presents a partial ;list- 
ing of communications on the subject of energy. This Guide 
is intended as a supplement to the references .contained in 
eath of tj^2 six previous modules. 

In addition/ the Guide contains a section that explains, 
the : Ener£y ConVervation-and-Use Technician (ECUT) curriculum, 
a section that -gives examples of various projects that might/ 
be undertaken tfy the class or the student individually, and 
a. s-ection that- provides a glossary of energy terms. 

the sections -of the "Energy ^Resource Guide" are listed 
below: • " , ' 



Section I 

Section II 
Section III 
Section IV 
Section V 



Energy Conservation-and-Use 
Technician (ECUT) Q 

Classroom Projects ^ 

Films 

Publications 



Glossary 
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SECTION I 

ENERGY CONSERVATION- AND- USE TECHNICIAN 

(ECUT) 
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V 

ENERGY CONSElRVATION-AND-USE TECHNICIAN (ECUT) 

The equipment associated with energy production, con- 
servation and utilization is typical of modern, 'complex equip- 
ment. It may. consist of electric motors; heaters; lighting; 

' G 

electronic and pneumatic controls; mechanical drives and 
linkages; thermal systems for heating, drying, melting; or 
fusing; lubricants; optical, rf, or microwave systems and 
communication links; pneumatic and hydraulic drives; and, 
in some instances*, involve nuclear radiation. To work with 
this type of equipment requires understanding of various 
technical disciplines and their inter-rel v ationships . The ( 
graduates ' ef -ECUT* programs will possess skills and knowledge 
to enable them to work in a\wide variety of energy-related 
jobs and to continue to learn new skills as the dynamic field 
of energy continues to °grow. . H 

Prior to the design of the ECUT curriculum a survey' was* 
conducted to identify employees, types of jpJbs and projected 
demand for ECUT technicians. The employment opportunities - 
for ECUTs can be grouped into. four major arer-as of energy use 
end conservation. 

1. Energy-Related Research and Development,, 

To develop new energy sources and to improve Xhe 
acquisition anci utilization of existing sources, a signifi- 
cant effort must be expended in, research dnd development. 
The federal government is currently spending $13 billion ^ 
annually on research, development, ajid demonstration projects.^ 
related to energy technology; aQd this expenditure is ex- 
pected to "inerease significantly* oter ' th,e next 25-50 years,.. . 
State 'and local governments, foundations, and'private. busi; 
nesses are even exceeding tjie federal commitments in the . ' 
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research and development areas. The specific areas of re- 
search such as *solar , * geothermal , nuclear fusion, electric 
automobiles, and so forth, are described in detail in 
Modules' EF-02 and EF-03, "Sources of Energy" and, EF-0.4 
entitled "Uses of, Energy." 

a. Employers : Research and development organizations 
within institutions, private industry, government, 
and the military; 

b, - - Job Descriptions : Under the direction of an engineer, 

physicist ,' chemist , or metallurgist, the, technician 
will- design, construct, and operate breadboards or 
laboratory experiments involving complex physical 
phenomena and equipment, perform tests and measure- 
ments on system performance , document results in 
reports Itnd/or laboratory notebooks, and perform 
peri^lic maintenance and repair of equipment. Vs^t 
data will often .be acquired : and reduced via inter- 
faces with laboratory microcomputers. The technician 
will frequent ly .supervise other workers. 

2: Energy Production. 

In a subsequent course entitled Energy Production Systems 

th'e student, will learn about the ope/sation and maintenance 

of plants, systems, and devices used to convert energy from 

the raw fuel state to usable heat, hot water, steam, ■ 

« *■ • » 

electricity, or motion. 

a. Employers : Power plants, solar energy equipment 
manufacturers, installers and users; process plants 
that Ctse high-tempetature heat, steam, or hot water.' 

b . * Job Description : Develops, installs, operates, main- 

tains, modifies, and repairs systems ,and. devices used , 
-■<% for the conversion of~~?uels and other resources into 



/ - 

useful energy . Systems may be furnace^ or plants to 
produce hot watey, steam," mechanical motion, or * 
electric power . Typical, systems , which llicTudefur- 
'naces ,\lectrical power plants, and solax heating 
/ systems /may be controlled manually, by semi— automat ed 
control panels, or by computers . -The technician will 
frequently supervise other workers. 



-5-r Energy Use. — — 

To describe the technical- areas and employers where it 
is necessary to use energy in a more* effective and efficient - 
manner -is to ^.iterally encompass all facets of t 4 he home, 
building construction, maintenance, manufacturing, and trans- - 
portation.. Many of the job opportunities for ECUTs in this 

4 

group may not even have the word "energy" in their title. 

a. . Employers : Production line equipment maintenance; 

building and/br plant equipment maintenance; maintenance 
departments of 'hospitals , apartments , hotels/motels, 
.office buildings ,' schools , churches, shopping centers,.- 
- and restaurants* 

b. Job Description : Installs, operates, maintains, repairs, 
and modifies complex electromechanical, thermal, fluid-,— 
and optical systems used in production lines and for 

' climate control and hot-water supply in hospitals, 

apartments, hotels/motels, office buildings, schools, 
♦ churches^"* shopping centers, and restaurants. Frequeritly, 
this°'type .of equipment will be '.automatically controlled 
with microcomputers . The technician will often super- 
vise other workers. • 
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4. Energy Conservation. 

Energy audits, described earlier in this course, are 
performed by teams^ of energy specialists. Ideally,' an energy 
audit team consists of an Engineer (team leader), five-to- 
eight energy technicians, and an economist. The team should 
be accompanied by at least one person who is thoroughly 
familiaf^with the facility, equipment, and/or operation. 
Technicians dn the energy audit "team are tHe key individuals 
responsible for performing the measurements described in 
Steps'. 1, 2, and 3 of the audit process. They my|t be 
thoroughly k familiar with the use of .electrical , mechanical, 
fluid, jihermal, ,arrd optical instruments for the measurements. 
Technicians must also understand building construction and 
practices and codes, be able to read blueprints- and schematics, 
understand the operation ^and maintenance of buildj-ng and v 
production equipment, and be able to Communicate 'in writing 
•and orally with each other, the engineer , ♦and the economist 
about their findings. 

a. Employers : Consulting engineers, energy audit firms, 
.residential and- commercial energy audit departments 
of public utility companies , -inunicipal governments, 
architects, builders, and HVAC equipment manufacturer 1 s 
representatives and sales outlets. 

Job description : The ECUT technician typically would 
work on a team lead by an' engineer, performing the \ 
following ^activities: determine specifications for 1 
new-building construction, modif icationsX^nd retrofits f 
(equipment, structures and installation}; Usfe^instru- 
ments and procedures . in performing calculations which 
measure- energy use arid efficiency of components and 
systems (which may provide support to the building 
or activities *toithi*n it) ; perform audits of energy use 



and management, including economic- cost -versus -benef its 
• analyses; through written documents or oral presenta- 
f tions ; re.commend building retrofits and/or changes Ln 
equipment to achieve energy savings. The technician 
will frequently supervise otheT*workers ♦ 

\ 

OTHER JOB TITLES x 

Because their technical training is so broad, ECUTs 
should also expect to find job opportunities in fields where 
the job titles may have little or no relationship to the 
energy field. Examples are the following: 

Technician 

System Technician 

Instrumentation-and-Control Technician 
Electromechanical Technician 

Plant Operator ( , 
♦Control Room Operator * v 
Operating Engineer" ' , 
Laboratory Technician 
Building Maintenance Technician 
Energy Conservation Technician / . 

Energy Management Technician 
Production Equipment Technician 
Building- Operating Equipment Technician 
Energy Audit Technician 

The ECUT student should strongly" consider part-time 
or summer employment to gain experience prior to graduation 
in one of the four major -areas d described earlier, 

« - . 
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THE ECUT CURRICULUM 

• '/ *. ' 

The designer/developer of the ECUT curriculum and 
instructional materials spent several months visiting pro- 
spective employers to determanse r -the specific tasks performed 
and equipment used by their technicians. At the^ beginning 
of each instructional module in the remaining courses, of the 
ECUT curriculum a series of performance based, learning 
objectives are listed. These objectives are based on the 
skills and knowledge required to perform in a job for ECUT 
employers. The model ECUT curriculum iircludes the courses 
shown in Table 1 . -> ' 

'^Schools in various sections of the country may modify 
the curriculum somewhat by adding some courses and dropping 
dthers depending on the particular needs of employers in 
the local area. . ' * 



TABLE' 1. ECUT CURRICULA: 



Unified Technical Concepts I, II , III* Fluid Power Systems 

'Chemistry tor Energy Technicians I, II Heating, Ventilating , and Air Conditioning 

Fundamentals o? Energy Technology Electrical Power and 1 1 luminat;ion Systems 

Energy Economics ^ Electronic Pe-vices and Systems V' 

f Energy Production Systems ' Microcomputer Hardware 

* Fundamentals oi Eiectr icity/Slect^nics „ Instrumentation and Controls 

Mechanical Devices and Systems ' ^Schematic and 31ueprmt Reading t 

Microcomputer Operations . Technical CoflGnunications 
Electromechanical Devices " to Energy Conservation 

Energy Audits 

j * 

\ *Codes and Regulations 

*N'OTE: Asterisk 'denotes courses not developed -bnlv specified. 
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A technically* broad-based* curriculum sucl} as the ECUT 
contains* four' types of courses wfrich_£an be grouped accord- 
ingly: . ' * ^ 

Support courses v ^ * 

Principles courses 

Devices' ' courses 
^Systems courses 

These'groupings are shown graphically" in Figure 1. 



SUPPORT 




Figure 1. Four Ma j or v Groupings of Courses 
• * in a Systems -Technician Curriculum. 
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■ Several- of { the courses (and. man^ module objectives) may- 
appear to be' only vaguely related- to the job functions of 
an ECUT. Examples of such courses are math, microcomputers, 
communications, unified technical concepts (physics) , and 
chemistry. These courses are often required to teach tech- 
nical principles or provide supporting knmvledge and skills 
for the, systems and' devices, which'are more job specific. * 
Figures 2-5 illustrate the f technical content andAor 
course? required for job performance in each of the four 

^categories of EGUT technicians described earlier. -'As an ' * 
example, study the sequence of content in Figure '5.^ Tfje / 
major j ob requirement is energy conservation related to , j% 
building -maintenance' "(shown in the bold block). One system* 
included in«buildii}g maintenance might be the hot water and' 
steam supply system* (located left of center). To understand, 
operate, and maintain this system "requires . knowledge ancl 
skills i of devices such, as boilers, pipes'/ valves ,* and pump<s. 
An understanding of these^devices requires knowledge of 
principles of heat . transfer , mechanics and fluids, energy 
production systems, and unified technical concepts (.physics). 
These principles* can only fc>e learned if one' possesses "skills 
in support— e^urses suc{i as chemistry and- math. Careful 
s*udy of each diagram "(Figures £ — ■ 5). will enable \he student 

. to understand more clearly why the various courses a-re in- 
cluded- in the ECtfT . cyrr iculum . > • . 

Figure 6 graphically illustrates, the role of -each ■ 
course in the ECUT curriculum, according "to tlffe four major • 
groupings. 

.or; < ' 
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Figure 2. Technical Content/Courses for •Energy- 
Research and Development (Laser Fusion) 
Technician Job 'Requirements. 
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- SECTION II 
CLASSROOM PROJECTS 
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FIELD TRIPS • , - * \ * f 

* 

Arrangements may be made -for a field trip to a local ^ 
power plant. Most plants make provisions for accommodating, 
tour groups and have the personnel available to make the 
tour w6rthwhile. A phone call or a personal visit is usually 
necessary to arrange the trip* 



GUEST SPEAKERS 

Guest speakers are readily available to talk to classes 
» • 
about ener-gy. Some possible speakers and topics are outl-ined 

bellow. 

1.^ Consumer Service Representatives: home energy .economics , 
the utility industry, energy ,anti the economy, energy 
conservation and management. . / 
^ 2. Building* Contractor :< energy conservation in. buildings 
* and homes, energy efficient structures.' 
3. Architectural Engineer: ' design of new buildings, 
environmental influences, energy conservation. 
, 4. HVAC Engineer-: design and construction of heating- ' 
ajid coolin'g systems, energy conservation. 
5. Energy Auditor.: energy auditing practices, energy 
cOnservati&n, energy economics. 



ENERGY v MANAGEMENT GAME - ' % 

\ & 

.The "Energy. Management ' Game," A Biological Science 

Curriculum" Study Game, is available from Hubbard Publishing 

Company, P.O.* Box 104, Northbrook, Illinois 60042. This 
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game is for small groups of students but can be amended 
for larger* classes . Each player is a power plant manager 
and makes game decisiops concerning energy 'supply and de- 
mand. Discussions and group ^decisions are also involved 
in the simulation of economic, factors and energy -factotfs\ 



DEMONSTRATION 
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A very simple experiment can demonstrate the principles 
of energy use and -consumption , as well as their effects on 
th§ environment. The materials required are the following: 
an .ashtray, a pin, a matchbox,, a test tube and*holder, a 
small amount of water and a peanut. 

Push the pin through the^cpver of the matchbox and place 
the peanut on the point. Place^ the matchbox clover and pea- 
nut \yr ah* ashtray . • 'Pour a half\inch of water into the test 
tube-. Use a match to light t;he peanut- and hold the test tube 

V, * 

above the flame. This is illustrated in: the diagram 
r • ' 

below. 
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Jhe objective of this experiment is to convert the 
♦ 

chemical energy of the peanut into thermal energy ancTboil 
the water. Althoujjfy the water is heated sufficiently, only 
a. small fraction of the origihal chemical energy of the 
peanut is used. Most of the energy is wasted. Heat escapes 
into the air in the form of hot combustion gases. These 
gases contain air pollutants from unburned fuel. Incomplete 
combustion is also indicated by the deposits of carbon on 
the test tupe. This layer decreases the rat^of thermal 
energy transfer, lowering the efficiency further ^ome of' 
the peanut oj^l fails, to burn and ruus down the pin or drops 
into the ashtray. Th^s is energy that c'ould have been, 
recovered but was 'not. After the peanut has burned, an 
ash remains. This ash represents another form of pollution 
that, must be\.disposed of with minimum environmental impact. 

# 

DEMONSTRATION 

The purpose of thi^ demonstration is to determine which 
materials make the best insulators. The^ required materials 
are the following: a 100-W bulb* in a ceramic socket, four 
thermometers, masking tape, and a cardboard box. A variety 
of insulating and no-ninsulating materials vs also required, 
such as wood, aluminum foil ?J fiberglass , glass, ^a^ious metal 
plates, paper, cardboard, heavy cloth,, and so forth. 

Prepare the box as shown below and then tape four 
insulating materials over the windows on the inside of the 
box. Tape a thermometer to the outside of each insulating 
material and record the before and after temperatures . 

By leaving the light on for a standard amount of time, 
the qualities of the various insulating materials can be, 
compared . , - 
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COAL 



Why Lignite ? (22 minutes, 16 mm, sound and color) 

Illustrates -how lignite tf'oal can be used to generate 

electricity with full concern for the environment, 

and to provide the electric energy needed in the future, 

Texas Electric Service Co. 
Attn: Educational Services 
P. 0. Box 970 
1 ' Fort Worth, TX 76101 

Free loan 



Challenge at Glenrock (25 minbteS*, 16 mm, sound and color) 
^ Reports how Pacific power and Light reclaims ^strip- 
mined coal lands. In addition, it shows how the l,and 
is shaped to, erosion-resistant grades, stockpiled top- 
soil is applied and graded, straw mulch is added, and 
wheatgrass is planted. (1976) 

^ Pacific Bpwer and 'light Co. 

Public.-S^rvice Bld'g. 
v - Portland, OR 79204 
(505) 243-4830 

Free Loan 



Shows 



Energy vs. Ecology: The Great Debat^ (27 1/2 minuses, 
16 4un', sound and col^or) 
'The film, shows how to mine coal and utilize 1 its advan- 
tages' ... . ,and still leave a" heal tl^^environment 
surface mining an4 restoration to usable, productive, 
and ecologically sduricE cbnd'ition. (19 73), 

/ <^ Allis Chalmers Manufacturing Co, 

^ Tractar Group 

' - . Milwaukee, ,WI 53201— 

(414) 475-2000 ; 

\ Ptircfiase: $125 
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Look What We've Done To This Land 02 1 minutes , 16 mm,* 

"~s i 

sound and color) 

Records Senate hearing on tjie problems involved in 

allowing huge coal-burning plants to be built at 

Four Corners (where Arizona, Utah^, Colorado, and New 

Mexico meet). Rights, of natural Americans are,dis-^ 

cussed since the coal is strip mined from Hopi and 

Nava^2iidiau lands. (3/974) J 9 

S Pyramid Films 

y P. 0. Box 1048 

Santa Monica, CA 90406 

X213) 828-7577 j 

_ s Purchase : $250 

Rental: $25 

Videocassette; $190 

There's Coal in Them Thar Hills (20 minutes, 16 mm, sound' 
and r colox) ' # ^ r 

The huge strip mining shovels that chewed up the gr^en 
' landscape of Kentucky are pointings their booms at' the 
\\ide open spaces of Montana in search "of clean- energy . 
Morel'ey Safer of CBS News interviews ranchers and coal 
companies, about the problems of wrestling Land and the 
coal that lies underwit from Veluctant Westerners. 



(1976) 



Time-Life Multimedia* 
Distribution Center 
100- Eisenhower Drive 
Paramus, NJ 07652 

Purchase : $260 . 

RentaT: $25 . " 

Videocassette : $150 



The Sleeping Giant - Coftl (29 minutes, 16 mm, sound and 

I color) / t 4 

\Explains the coal formation process and discusses the 

historical use of coal, dating* back to^4,000 years ago, 

Reviews new coal^ -technologies to produce synthetic 

fuels, along with the problems they* present for the 

economy* and ecology. (1975)\ 1 ' 

• • Educational Media Center 

University of Colorado 
^ * Stadium Building 

Boulder, CO 80309 J 

Pur ch as e. ; ^^133^ 

Cental: $10/3 days, 

Videocassette : $230 

Coal (27 minutes,- l^mm, sound and color) 

The dilemma of "Montana is the dilepna of many areas with 
' coal resources.* The economical way to mine coal in - 
Montana- is strip mining; but this means irretrievably 

* changing large areas of the land* The mining companies 

•say they will reclaim it, but the cost is high. On*th$ 

other hand, extensive mining would give the state a 

source of new income "which would provide better educa^ 

tional'and health facilities. (1973) 

Films , Inc.- 
5625 Hollywood^Blvd. 
Hollywood, CA 90028 
(213) 466-54*81 

Purchase: $355 • 

♦ ' - r " Rental: .$30 



Coal - Taking the Lumps Out . (5 minutes) 

Pre-sents thje^pe&^r^^lTaT is underway -to convert coal? 

to liquid or gaseous fuels at affordable prices, '(1-978) 

* ^ Department of Energy 

Film Library 
J P, 0. Box 62 
, x Oak Ridge, TN 37830 



Black Diamonds — Greep' Pastures (-15 -minutes, 16 mm, color) 
Examines latest research to improve land reclamation 
processes §nd technologies associated with strip-mining 
for coal. Department . of Agriculture scientists are 
shown at work on problems -of removing and replacing top- 
soil and growing green pastures on strip-mined land in 
semi-arid western states. Unfortunate strip-mining 
practices of the past are contrasted with what Ls^done 
novc to protect coal-rich lands. (1978*) ' 

l Science and Education Administration 
USDA % 

5142 South Building - USDA 
• Washington,- "DC 20250 

Free loan 
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PETROLEUM 



The Bottom pf the Oil Barrel (34 minutes, 16 mm, sound and 
color) • 

Gives surveys of oil reserves, rates of depletion of 

each reserve, and projected date§ when each will run 

dry. Suggests alternatives to curreiit patterns of 

usage. * ;(1974) % * 

Time-Life Multimedia ' 
Distribution .Center ^ 
100 Eisenhower Drive 
Paramus, NJ 07652 
(201) 843-4545 

Purchase: $425 ( 
Rental: $40 . - 

Videocassett^/ $215 

Oil in -the United States (37 minutes, 16 mm, sound and 
color) 

Probes the "whys" of the problems >n the production 

and distribution of oil. From the environmentalists 

who are concerned with refineries and the use of deep 

water ports to independent oil dealers who are' forcecj \ 

to £lose because of lack of supply, the questions are 

numerous and complex. (1973) 

Films , Inc. 
5625 Hollywood Blvd. 
Hollywood/ CA 90028 . 
• ' (213) 466-5481 

Purchase: $44:5 

Rental : $38 
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Oil in the Middle East (20 minutes, 16 mm, color and sound) 
Saudi Arabia, Iran, and Kuwait own more than half of 
the world's known oil reserves. The United States 1 

> 

position concerning these Middle Eastern nations is 
delicate. America has an emotional, if not a military ^ 
commitment to Israel; a deep ecoriomic interest in Arab 
oil; and a strategic interest in avoiding conflict with 
Russia in the Middle East. This' film examines the ways 
in which the United States can reconcile these three 
'elements, as well as, the effect of the oil ecpngmy on 
various Middle Eastern nations as they find /themselves 
in a new position of power. (1973) 



Presents an in-depth study of the* far-reaching conse- 
quences of the oil trade situation. Provides, an in- 
sight into the people of*-ihe Arab nations, their way 
of life and their goals, and the political power they ' 
hold over the rest of the world by virtue of their semi 
monopoly on oil. (1975) 



Films, Inc. 
5625 Hollywood Blvd. 
Hollywood, CA' 90028 
(213) 466-5481 




The Oil Weapon (50 minutes JU Jl6 mm, dolor and souiWt) 




Films, Inc. 
5625 Hollywood Blvd. 
Hollywood, CA 90028 
(213) 466-5481 



Purchase : $575 



Rental: $40 
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On Shore Planning for Offshore Oil (21 minutes, 16 mm, 
color and sound) 

• . . Explores the physical, social, and economic effects 

that offshore/oil developmeat has on those who live* 

and work in a Scottish coastal community. (1976) 

Conservation^ Foundation 
1717 Massachusetts Ave., NW 
s. * Washington, DC 20036 

. ? * (202) 737-4300 

Purchase : ' $300 

Rental; $29 

Unseen Journey (28 minutes, 16 mm, color and sound) . 

Sho^ws how oil is brought to the* surface on land and 
offshore and is transported hundred of miles by- "big- 
inch 11 pipelines, barges, and tankers to feed distant 
refineries . 

Association Fi lifts, Inc. 
866 Third Avenue 
New Yor.k, NY 10022 
(212) 93S-4210 

* Free loan 



Oil 



A brief survey of the oil industry .y* 

The SheLl Film Library 
1433 Sadlier Cir. W. ^Dr, 
Indianapolis , IN .462 39 



Oil Well 



The principles of drilling art exploration well, and how 

a pattern of additional wells is used to 'appraise an oil 

field an4 bring it 4 into production. 

The Shell Film Library 
1433 Sadlier Cir. W. Dr. 
Indianapolis, IN 46239 
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Refinery Processes 

Description of some of the basic processes which- take 

place-inside an oil refinery. 

The Shell Film Library , 
1433 Sadlier Cir. W. Dr. 
Indianapolis, IN 46239 ^ 

Reserved for Tomorrow (12 minutes, 16 mm) 

An energy savings account? Yes. Steps taken to safe- 
guard America c from a foreign oil embargo involve the 
'^^sTorage t>f millions of barrels of crude oil beneath 
the Louisiana-Texas Gulf Coast* in underground salt 
domes. This film illustrates the problems and solu- 
tions of oil movement in the United States which signaled 
the creation of our nation's Strategic Petroleum 
Reserve. (1977) 

Department of Energy 
Film Library 
0 • P. 0. Box 62 

Oak Ridge,, TN 37830 

Free loan 



NATURAL GAS 



Natural Gas (17 minutes, 16 mm, sound ajid color) 

Natural gas is a cheap, clean, and efficient fuel, 
which, today, heats half of all American homes and 
fuels half of all industrial ^production. However, gas 
is being consumed twice as fast as it is being dis- 
covered*. (1973) 

Films*, Inc 
^ 5625 Hollywood Blvd. ' 
Hollywood, CA 90028 
(213) v 566-5481 

Purchase: $240 

Rental : $20 

Nuclear. Gas Stimulation: Tapping Our Natural Heritage 
(.29 minutes,' 16 mm, color 'and sound) 

Traces the historical use of natural gas, and explains 

that some reserves are accessible only through nuclear 

fracturing. .Considers the potential dangers of this 

.process in regard to society and" the environment. (1975) 

/ Educational Media Center 

University o£ Colorado 
Stadium Building * 
Boulder, CO 80309 

Purchase : $333 

Rental: $10/3 days 

Videocassette : $230 
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Focuft* on" Energy (13 1/2 minutes, 16 mil), color and^sound^ 
Reviews national energy needs. Emphasis is on natural 
^gas. (1972) 

American Gas Association 
Film Librarian * 
1515 Wilson Blvd. 
Arlington, VA 22209 
(703) 524-2000 

Free loan 
t 

LNG (Liquefied Natural (fas) Is On' Its Way ^ (25 minutes, 

16 miH, sound and color) . ' 

*- Explains how L-NG is being brought from the Algerian 

Sahara to the energy-poor United States via the largest 

shipbuilding effort Jjf peacetime history. (1976) 

« Modern Talking Picture Service 
2323 New Hyde Park Road 
New York, NY 11040 
(212) 895-2237 

Free loan 




Natural Gas andf^Clean Air (27. minutes, 16 mm, sound and 

color) m I 

Examines maj.or types of air pollution -and how use of 

. natural gas can minimize or eliminate the most dangerous 

(1970)\ * ^ 

American Gas Association 
Film Librarian 
1515 Wilson Blvd. 
Arlington, VA 22209 
. (703) 524-2000 

x : Fre6 v loan ft 
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NUCLEAR 



' Energy: The Nuclear Alternative (20 minutes, T6 mm, color 
and sound) m . t 

Explores' what fission power is, how it works, and the 
. controversies that exist concerning safety and 1 radio- 
active, waste.* (1974) 



\ 



Churchill FilmS 
662 N. Robertson Blvd. 
Los Angeles, CA 90069 
(213) 657-5110 

Purchase: $240* 

Rental: $21/3. days 



Energy: The Great Controversy (29 minutes, 16 mm, color 
and sound) ' * 

• , Questions the possiblity of changing the image of nu- 
clear power from a weapon to an energy produce!. Dis - • 
cusses fission processes versus fusion technology, 
as well Reactors and their possible dangers. (1978) 

\ - | \ Education Media Center 

\ . University of Colorado 

\ , Stadium Building * 

' t Boulder, CO 80309 

^.-X. Purchase: $333 

Rental : $10/3 days 

Videocassette • $230 



r 
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Fusion: The Energy Promise (56 minutes, 16 mm, color/ and \ 
A sound) , # " 

Nuclear fusion has numerous advantages over fission: ; 0 
it is more efficient and it results in no atomic 
wastes. The problems involved in making fusion eco- 
nomically feasible are examined. (From- the "Nova" 
s_eries J -CI? 761 , # « 



Time -Life Multimedia^ 
Distribution Orfter 
v p 100 Eisenhower Drive 
Paramus, Nj' 0 76 52 
(201) 843-4545 ' ' 

Purchase : $ 550 

Rental : $60 

Vide ocas sette : $275 



^lore Nuclear Power Stations (55 minutes, 16 mm, sound and 
color) 

A rare glimpse into the workings of the present-day 
nuclear power industry, this film tracks the path of 

nuclear fuel from power station to reprocessing plant 

* » 
and then to, waste sto'rage. It also explains - simply 

and concisely - the function of nuclear poorer stations 

and the choices they now present. (From Denmark) '(1976) 

, k Green Mountain Post Films 

• . Box 177 

« . . Montague, MA 01351 

Rental: $35 

Purchas«: \$625 
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The Need for Nuclear Energy: Our Energy Options (16 mm; 

color and sound)* • • . * » *• ' ' , 

Reviews the U.S. energy picture through^ the. year 2000 

and presents *a cletailed^ analysis of the economics and 

availability of the various energy sources* pver the"- 

next thirty years, with particular emphasis on nuclear. 

... economics. (1975) ' ' * ' 

Atomic Industrial Forum, Inc. 
: -' * ' 7101 Wisconsin Ave. » 

Washington, DC 20014 . > 
(301) 654-^260 • * » > 

, a Purchase: $150 

* 0 » / * Videocassette : .$100 

. \ 

Nuclear Energy: PoweT for^Today and Tomorrow (28. minutes, 
16 mm,' color and sound) 

Follows the development df^nuclear power from the search 

for uranium, to the production process, to the ijistalla- 

tion.of nuclear fuel^in.a reactor's core % 

ffrutrrri TnJJHTig Picture Service 

• . 2323 New Hy3e Park Road 

ftew York, NY 11040 ^ ^ 
• . (212} 895-2237 % * 

Free loan 



Nuclear Power in the U.S« (28 ijiinutes , 16 mm,, color and sound) 
Describes the entire spectrum of nuclear power industry, 
including -advanced reactor concepts such as the liquid- 
metal fast breeder, 'the high temperature gas-cooled 
reactor and others, (1,971) * 

Department of Energy 
m - Film Library . ., 

m p. -.a- box 62 + 

'Oak Ridgfc, XN 37830 ^ 
Free loan 
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The Ultimate Energy (2^ minutes, 16 mm, color, arid sound) 

A visit ta £iv T e thermonuel££jfc fusion research labora- 1 * 
tories'to discuss the futurVof fusion power with 

/ \ seVeral physicists who have d'ecLifcated their lives to 

the goll of imitating tjie sun in the -laboratory. ^4976) 

Department of Energy • /• 

Film Library , ~". .* 

P. 0/ Box 62 ' % ' 

Oak Ridge, TN 37830 
* . * 

^ • * Free loan' , 

On the Mbvg (28 minutes.) * 

. Explains many 'aspects of packaging and shipping highly 

radioactive materials and shows the extreme safety t 

designed \n today 1 s. accident resistant packages. Actual 

torture tests *are demonstrated. : (1974) ^ — 

Department* of Enexgy % ~ 
Film Library 
9 * P, 0. Box 62 » 

* m • c Oak Ridge, TN 37830 

Free loan 

Safl^ty - Second to None (14 1/2 iftwiutesy 

As the watchdog over the nuclea^ power industry, the 
'Government takes great 'care to*" see that plants are made 
extraordinarily safe, and that no short cuts are ever 
taken that might threaten the public Jieal th or safety. 
(1974) 

Department of Energy 
% % * Film Library 

P.O. Box 62 
Oak Ridge, TN 57830 

* : * Free loan ^ * , 
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The Silea* Power ('27 minutes) 

A documentary on 'the peaceful uses of nuclear p,owe-r in 
the United States space program. The -film surveys the 
history, and/it explores current work and developments 
• for the.,£uture. We see the 'uses of nuclear energy in 
providing safe, reliable^' long-life sour ces of elec- 



trical power for ^spacecraft and sateiite systems. (1978) 

Department -of Energy 
Filfn Library 
P\ 0. Box 62 
" " 'Oak Ridge, TN 37830 

# 

Free loan 

■ i 
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SOLAR / \ 



Energy: Harnessing* the Sun (19 minutes, 16 mm, color and 

sound) * ' 

Uses animated diagrams to explain various proposals for 
harnessing solar energy for line generation ' of elec- 

. ♦ tricit.y. (1974) * • • - 

University of California Extension 
Extension Media Center . 
Berkeley, CA 94720 
(4L5) 642-0460 

. ' Rental: $20 * 



Solar Power: 



The Giver of Life (29 minutes, 16 mm, color 



and sound) . * 
Traces the 'studies and setbacks in- the technology of 
developing solar\energy .throughout early civilizations 
since the Middle Ages. Examines current and prospec- 
tive solar technology and the impact of commercial 
installations on the environment. (1975) 

Educational Media Center * 
University of Colorado 
Stadium Building 
J - • Boulder, CO 80309 .: 

• • Purchase : $333 , 

Vjfieocassette :' $230 

c . ^ Rental: .$10/3^days % 

* * . Audib-cassette/3^ mm ^fi lms trip ; 

% Study Guide:' *!$2.50* 
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Wind Fowef: , The JGreat Revival (29 minutes, 1-6 mm, color 
and sound) 

The history and ^urrent development of technologies to 

Utilize t-he power of wind, (l£7S) ■< * ^ 

- Educational Media Ceft^er t 

University of Colorado 
Stadium Building '* 
Boulder, CO 80309 • * 

. ' « Purchase: $333 

• • Rental: $10/3 days 

• « 

' * Videocassette : $233 • 
f • Audiocassette/35 mm filmstrip: $.15, 

• ' Study Guide: $2 7 50 

Here Ctimes the- Sun - (15 minutes, 16 mm, ^co'lor and sound^ 

Solar energy systems (on\rbofs and on tfrej ground) that 

are collectors andcohtrol centers' for warming air and 

for warming water for swimming pools, dishwashers, and ■ 

stora-ge tanks. (1974) 

g »• Department of Energy 
i - Film Library 

P.O. Box 62 
- r , Oak Ridge, TN 37830 

u - Free loan 

9 ' « * 

\ ^ 

w 

- Look To the^ Sun (12 1/2 minutes, 16 mm, color and, sound) 

* . following an explanation of, a flat plate collector,, 

businesspersons , public officials, and a' solar researcher 

suggest e^pnomic and' efficient methods to design , - finance , 

and build solar housing projects. (1977)^ 

r Department, of Energy * 

v fc * FiTm Library 
/ ' P." 0. Box 62 ' 

' ; . ' Oak Ridge, TN 37830 * 

x v Free 'loan * « ^ • 

.39 ' . - 
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Puttdng the Sun to Work (5 minutes, 16 mm', color and sound) 

Three leading solar experts explain current £>lans for 

harnessing sun power fox^ homes and industry. (1974) 

Department of Energy 

Filnrtibrary 

P. 0, Box 62 

Oak Ridg£, TN ' 37830 

' " Free loan k 

\ 

Solar Energy: To Capture- the Power of Sun and Tide (21 min- 
utes, 16 mm, color and sound) 

Surveys present developments and future possibilities 

of' solar and tidal 4 energy^. (1975) 

* Paramount Communications 

9 .. m * 5451 Maraton Street 

Hollywood, CA 90038 
(213) 463-0100 

. * * Purchase: $330 
■ * . * * 

s « • 

The Sunbeam Solution '(38 minutes, 16 mm, color and' sound^ 

Examines solar energy and othe 4 r untrapped energy resouces* 

to answer the following ques tion : • • "What Sptfrce of .power 

* , can best transport man into the 21st century? 11 - (197f) 

Time-Life Multimedia * L 

Distribution ^Center 
100 Eisenhower Drive 
' m Paramus , NJ 07652 v 
(201) 843-454S 

U Purchase: $425 

* Videocassette: $215 
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The Sun: Its Power and Promise (24 minutes, 16 mm, color 
and sound) 

Spectacular photography of the sun and lively anima- 
tion combine td explore ways in which the .sun's energy 
might be better used to help replace the ever t - dwindling 
supplies of fossil fuels. 

Encyclopedia Britannica 
Educational Corporation 
: 425 North Michigan Avenue 

Chicago, IL 606U 
(312) 321-6800 

- - Purchase:— 4^20 - - 



Rental : Inquire 

Sun Power for Farms (12 1/2 minutes, 16 mm, color and sound) 
-The potential of solar heating for agricultural produc- 
tion is enormous. This film shows how some of that 
potential, is being realized through $u series of research 

^ — , projects explained by- the- scientists themselves; -a — 

greenhouse heating system for nights and cloudy days, 
' solar ponds of salt water for storing heat, rooftop 

solar collectors for warming poultry houses and milking 
parlors, and a system for drying and curing peanuts and 
corn. (1977) 

Department of Energy 

Film Library 

P. 0. Box 62 

Oak R*<£ge, TN 37830 , 

Free loan 
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GEOTHERMAL 



Geothermal Power: The Great Furnace (29 minutes, 16 mm, 
color and sound) 

Briefly covers the hisorical use of geothermal energy, 
and reveals methods of discovering geothermal activity 
^amd of £?!nerating electrical" p5foer, using the geysers 
of California, New ^ealand, Ihlcr^Mexico as examples. 
(1975) 

Educational Media Center 
University of Colorado 
Stadium Building 
— - Boulder, CO 80309 

Purchase; $333 

Rental; "$10/3 days 4 

Videocassette : $230 

Audiocassette/35 mm filmstrip: $15 

Study Guide: $2.50 

tTeof hermaV Nature's Boiler (7 minutes, 15 mm, color and 
sound) - ^ 

Natural heat energy stored in and under the earth's crust 
can be ^put to work. Just as geysers now supply half 
the electricity for San Francisco's needs, these reser- 
voirs may heat, cool, and light homes and factories 
* 

across the country. (1977) 

Department of Energy 
Film Library 
P.,0. Box 62 
Oak Ridge, TN 57830 

Free loan 
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Geothermal Power (14 minutes, 16 mm, sound and color) 

Heat from inside the earth may be one answer'to the 
energy crisis- Generation of geothermal electric power 
demonstrates economic potentials of a new, and practically 

/ unlimited source qf energy. Explains geothermal power 

and method^ used to harness this energy. (1974) 

• AV-ED Films • 

910 North Citrus Avenue 
Hollywood, CA 90038- ' * 
(213) 466-1344 

Purchase: $200 

Rental: $12/da i y; $24/week 

Power From the Earth (12 1/2 minutes, 16 mm, color and 
sound) 

As viewers watch, eight scientists engineers , and 
managers describe various aspects of obtaining thermal 

, energy from the earth for the production of electrical 

. power. (1974) 

Department of Energy 

Film Library 

P* 0. Box 62 

Oak Ridge, TN 3783-0 

* Free Loan 



1 
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OIL SHALE 



Oil Shale: "The Rock That Burns (29 minutes, 16 mm, color 
* and sound) 

Although oil shale has been known as an energy source 

* 

for 600 years, it has also been known as an expensive < 
source to process* In addition, the "ecological damage 
of mining it is yet to be determined. (1975) 

Educational Media Center 
• ' University of Colorado 

Stadium Building 
; Boulder, CO 80309 

Purchase : $333 

Rental : $10/3 days 

* • Videocassette : $230 

i • Audiocassette/3 5 mm filmsti'ip: $15 

Study Guide: $2. .50 

A Land for All Reasons (28 minutes, 16 mm, color and soun£) 

_£_n -Ri-f-le , Colo rado p eo pi e -^are worried -abo ut— the- e nergy- 

. crisis* Public lands surrounding Rifle hold enormous 
quantities of oil, shale. The -Federal government has 
leased portions of this land to oil companies who, plan 
to extract, process, and refine the* oil. This will 
not only mean construction of processing plants, but a 
large influx of workers into this rur.al area. The people 
of Rifle are concerned that the money the 1 shale oil j/ 
'.boom will add to the* community may not be worth all the 

changes and problems that will come with it. 

x_ * 

Associated Films, Inc. 
■ • " . 86-6 Thffd Avenue 

New York, NY 1002 2 
(212) 93-5-4210 . 

Free loan . . 
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Oil Shale (15 minutes, 16 mm, sound and color) 

Film graphically depicts oil shale activities of Colony 

.Development Operation (Atlantic Richfield Cdmpany, 

operator in research and potential of vast resources 

locked in shale) and addresses plans for this nation's 

first large-scale commercial oil shale facility. 

Atlantic Richfield Co. 
Public Affairs Division 
1500 Security Life Building 
Denver, CO 80202. 

Free loan 



( 




TAR SANDS 



V Tar Sands: Future Fuel (2,7 minutes, 16 mm, color and sound) 
4 Tar sands could prove to be - the most expensive alterna- 
tive source of. energy, not only economically but ecologi- 
cally as well. The technology of extracting oil products 
from tar sands as reviewed. (1975) 

Educational Media Center 
University of Colorado 
Stadium Building 
Boulder, CO 80309 

Purchase: $333 

Rental: , $10/3 days 

Videocassette: $230 " 

Study Guide: -$2.50 
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MISCELLANEOUS ENERGY SUBJECTS 



Cooling Waters (26 minut.es) 

Shows the Federal Government's long-terjn concern over 

cooling-water systems of power plants that provide' most 

of the urgently needed electricity. (1978) 

Department of Energy 

Film' Library 

P. 0. Box 62 

Oak Ridge, TN 37830 

Free loan 

No Turning Back (27 1/2 minutes) 

This film visits some of the technicians involved in 
government studies a/ laboratories and sites across the 
country, such as arid land ecology, a tropical forfest 
studyO river ecosystems, industrial impact on natural 
waterways, and pollution patterns in layers of atmo- 
sphere. (1971) 



Department of Energy 
Film Library 
P. 0. Box 62 
•Oak Ridge, TN 37830 

'Free loan 



A Sea We Cannot Sense ' (27 1/2 minutes) 

Almost evejy thing in nature can be seen or felt - wind, 
light, cold, texture - that is, everything except radia- 
tion. This is the sea that cannot be sensed. (1973) 

t .Department of Energy / 
Film Library 
* P. 0. Box 62 

Oak Ridge, .TN 37830 

Free loan 
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Pedal Power (18 minutes, 16 mm, color) 

Traces the history of pedal and treadle machines from 
the genius of Leonardo da Vinci 'to the present day. 
In the search for new energy sources, the strength in 
human legs is being rediscovered. Bicycle -powered 
machines are becoming popular again, and they can be 
'seen at work on homesteads, in heart clinics, and in 
cottage industries — doing everything from grinding 
grain to ploughing a field. Pedal Power is offered 
as the. supreme example of technology on "a human scale. 
(1978) 4 



Department of Energy""" 

Film Library 

P. 0. Box 62 

Oak Ridge, TN 37830 

Purchase: $240 



Rental: $28.50 



(Also available on videocasse.tte) 



A Sense of Humus \2% minutes, 16mm, color) 

Conventional farming in North America consumes enormous 
amounts of .scarce fossil fuels in the manufacture of 



chemical - fertilizers , pesticides, and herbicides - 
as well as in the fuel tanks- of modern agricultural 



machinery. This' documentary ^about organic farming shows 
that food is being grown on a commercial scale without 
the use of petrochemicals. Organic farmers discuss their 
methods and beliefs. (1977) ' \ 



* . . * \ Oak Ridge, TN 37830* 



Department of Energy 
Film Library 
P. 0. Box 62 



Purchase: $375 

Rental: $38.50 t 

(Also available on videocassette) 
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Transportation - The Way Ahead (7 3/4 minutes) 

With gasoline in sh&jrt supply, the Federal Government 

is loo-king at new energy sources ^or automobiles^J19 IPh^ 

Departmerit^of Energy " 

Film Library — 
P. 0- Box 62 

Oak* Ridge, TN .37830 



Story in the Rocks 

An introduction to paleontology. 

The Shell, Film Library 
'1433 Sadlier Cir. W. Drive- 
Indianapolis, IN 46239 



The Fossil Story 

Desc?ib°es the science of deciphering ag£-old* clues to 
help locate energy Sources for the future. m _ 



X 



The Shell Film Library 
1433 Sadlier Cir. W. Drive 
Indianapolis, IN 46239 



Conservation - Investing in Tomorrow (6 1/2 minutes) 

Presents some of the ways energy can be saved now: more 
' efficient machines" and industrial processes, improve- 
ments in the- transmission* of electric power, new aiKos , 
more energy efficient homes and buildings". (1977) ," 

Department of Energy 
Film Library 
P. 0. Box 62 
Oak £idge, TN 37830 



y 
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Don't Cut Us Off (16 minutes, 16 mni, color) 

Documents the .activities of fo<yr communities to solve 

a common national problem: the high cost of energy as 

Jj it affects the poor and elderly across the country. (1976) 

* Department'.of Energy 
* Film Library 

P. 0. Box 62 

Oak Ridge, TN 37830 %m /'* 

- Free loan 



John Denver on Conservation (4^ minutes) 

The internationally-known singing star, John Denver, 

appears un this short film, shot entirely on location 

in Colorado and California. The sfilm showcases a 

jportion of Mr. Denver's "Red Rock" outdoor concert 

coupled with a personal 'message fronir Denver on behalf 

of energy conservation. (1578) 

. - , * Department of Energy 

■ Film Library ; — * — 

9 ' • . P.O. Box 62 

° * \ , Oak Ridge, TN 37830 

' * * * » » 

Running' on Empty - The FueL* Econom^yChalienge (27 minutes)'*' 

Through citizen participation over a^90-mile road rally, 

the film illustrates various driving and fuel economy 

techniques./ It shows how average drivers, driving 

average cars, can practice ways to achieve maximum savings 

in gasoline ^id jnoney while traveling, city streets, 

country roads u and maj<jr highways. (19 78). 

Ji^ga^tip^ivtoY Energy 
FilirTTIibrary * 
P.' 0. Box 62 
Oak Ridge, TN 57830 



Up the Power Curve "(10, minutes) 

^ 

Shows the practicality of energy conservation and the 

important role it plays in helping solve some of America 1 2 

energy problems. The film also covers a wide range of 

energy saving- ideas and the dollar savings' to he achieved 

Department of Energy- 
. Film Library 
P. 0- Pox 62 
Oak Ridge, TN 37830 

Bill Loosely 's Heat Pump (10 minutes, 16 mm, color)~ 

Bill Loosely, an engineer living in snowbound Ontario^ 
he.ats ^ gathering warmth from the, ground 

below the fros^ level and pumping ii inside to heat 
Freon. The Freon is vaporized' and fed into a heat-ex- 

m 

changer that yields hot air. to heat the house. Loosely 

take^usjijvt^riifs home and explains the system, which has 

operated trouble-free since 1951. The ground heat pump 

is so efficient that it provides a return in heat six 

times greater than the energy required to run it. (1976) 

y% Bullfrog Films 

Oley, PA 19547 

Rental: $18.50 , 

(Also available on videocassette) 
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Challenge of the Future (28 1/2 minutes) 

A new age is beginning when energy will be more expen- 
sive and less abundant. Oil and gas, which have supplied 
three-quarters of the energy in this country, is fast 
becoming depleted. America and other nations face 
, ^serious and increasing energy problems. This film's' 
purpose is to look at the pxpt>£ems and tp detail the 
options that are available. (Revised 1978) 

Department of Energy 

_ -FxtiTrtribrary 

P. 0. Box 62 

Oak Ridge, TN 37830 

Energy Update (28 1/2 minutes) 

With the President's energy message of^April 19,. 1977, 

a* a backdrop, the film describes a number of situations 

in which people try to cop^ with energy problems and 

seek solutions^ now . The film touches on coal, solar, 

nuclear, and other energy sources. 

Department of Energy 
Film Library * 
P. 0. Box 62 

Oak Ridge, TN 3*7830 
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Energy - The American Experience (28 1/2 minutes) 

With the perspective over 200 years of history, the flilm 
shows 1 ! the development of different *form£ of energy unper 
thes unique conditions of the "American •Experience. 11 
Shown are the 60-year changing cycles ol energy sources 



(from wo*6d to coal to oil and gas) that lhave produced i 
the steam ancU^lectrical energy that helped make the 
United States the industrial giant of thie world.- (Revtiseci 
1978) " r j 

. Department* Energy 

Film Library j 

P. 0. Box 62 ~ •• 

' Oak Ridge, TN 37$30 



Energy - A Family Album (8 1/2 minutes) " 

A brief history of energy in America follows with some 
details of the Nationjs plan to keep ahead of energy 

demands : alternate sources of fuel, geo^tfreTmal power, 

j 

solar power, and so fort;h. (1977) j-* 

Department of Energy 
Film Library i *«* 
" • P. 0. Box 62- j 

Oak Ridge, TN- ?7830 



TIC - Index to Energy (5 1/2 minutes) 

•A visit to a computerized facility tha/t gathers, abj 

stracts, and catalogues technical reports and published 

scielvtitic^papers from around the world at th£ ratp of 

approximately ' one million per year. / (1977) 

• Department jof Energy 

Film Library 
P. 0. Box /62 
* Oak Ridge/ TN 37830 
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Energy .Ca'xol (^1 mijjjS^s , 16,111111) ^ 

Animated film based On Dickens' Christmas lesson where 
Ebenezer ^Scrooge is president of Zeus Energy Company. 
The motto of the company ds: "if we didn't waste, 
we couldn't grow." Three spirits show Scrooge energy • ^ 
in the past, as it (energy) is today ,^ and as it will 
be in the future when, fossil fuels are depleted. One 
look ,at his splashily -lit mausoleuft after the power 
goes'' of f convinces Scrooge that he must never waste* 
energy again. This is a' humorous -film ^bout things, 
not so. humorous .' 

.National^Film Board of Canada 
? . 1251 Avenue of the Americas 
New York, NY 10020 

Purchase: $160 

Rental : $20 

Videocassette; $140 

Preview available 
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A Play Half Written: The Energy Adventure (26 minutes, 16. mm*) 

Alexander Scourby hosts this film, which combines 

Beethoven's Ninth Symphony, the films of Buster, Keaton , - V 

and the great steam colossus of the 1876 Centennial 

Exhibition to dratoatize the liijk between energy and 

human achievement in the arts, in^grftnolo^y , and in % 

jour way of life. Energy sources of ' the past, present. 

and future are brought together. Nuclear poWer, Scourby 

points out, represents the newest available energy 

source that will allow continued development, 

Atomic Industrial Forum 
• " - 7101 Wisconsin Avenue 

- . Washington, DC 20014 

v * -> ' Purchase: $125 N _ 
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Energy (20 minutes, 16 mm, color) 

Illustrates how traditional sources -of energy will be 

depleted in the near future, The -promise, of nuclear, 

energy is, short range; and its critics are numerous. 

A scientist explains how solar energy can serve the world 

through an orbiting satelite. Energy futurist, Dr. Peter 

Galsser, and 'lawyer-author , Robert Hallman, examine the 

problem^ (1976)- < " 

- ~ Document ^sociates 

211 E. 43rd Street 
" New York, NY 10017 

Purchase: $340 

A . . Rental; $40/2 days 



Energy: The Ultimate Problem? (10 minutes , 16 mm, c,Qlor) 

T.Can we reduce energy iise? Is it too late to make the 

changes this would" require? What are* some^ of the 

alternative sources of energy? Experts, including a 

physical chemist, nuclear plant superintendent, utility 

manager, solar rese^cher , environmentalis t , and social 

scientist, express different points of view_throughout 

the film. (L976) (Teacher's Guide available) 

* * Coronet Instructional Media 

... South Water St. - 

Chicago^ IL 60601 

(Also available on videocassette) 
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Enesgy : The Facts, The Pears, The Future (55 minutes, . 
16 mm, -color) 

Walter Cronkite and a team of CBS newsmen visit loca- 
tions .around the U.SlA. to assess the severity of the, 
energy problem They examine the facts regarding oil, 
natural gas,- coal, and nuclear fusion; they survey the 
• conservation measures being developed for automobiles, 
~~ ho¥es~,~~ ancTl ar ge bui 1 dingsT"and TKey"as s'^s s~tfie fu t fife" 
impact of energy from fusion, solar, and geothermal 
sources. They conclude that 'a mixed, flexible 
strategy is needed in order to solve the energy crisis 
now . (19 78) (Teacher r s Guide available) 

BFA, Educational tfledia- 
2211 Michigan Avenue 
Santa Monica, CA 90406 

Purchase : $650 

\ Rental: $55 
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COAL 



Cpal News 

Weekly newletter of events of interest and importance 

to the bituminous coal industry. 

« 

National Coal Association 
1130 17th Street, NW 
Washington, DC 20036 
(202) 628-4322 

Purchase: $50/yr 




Coal Facts 

Biennial multi-color book with tables, describing the 
modern bityminous coal industry and coal's importance 
to, the U.S. economy* 

r National Coal Association 
il30 17th Street, NW 
Washington, DC 20036 
(202) 628-4322 

Purchase : $5 /issue* 

Coal and The Environment , 

^ A 12-page, illustrated boaklet describing the latest 

developments in air pollution control, mine drainage, 

and the reclamation of surf ace-mined ^land . 

~~ " ~ ~T^7 " Nat~roluil^ 

1130 17th Street, NW 



I f Washington, DC 20036 

(202) 628-4322 
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Coal and Research 

A 12-page, illustrated booklet containing progress 
in converting -coal into gaseous and' liquid fuels, im- 
proving mine health and safety, controlling water and 
air pollution, developing a 'coal fuel cell, generating 
electricity from coal by magnetohydrodynamics , and 
"< studying improved methods of coal combustion. - 

N a t i oh'al C oa 1-^As s ocia.tion 

1130 17th Street, NW 

__ Washington^, DC 20036 

• r " " ~ '(202) 628-4322 

Map of Coal Areas in, the U,S. 

A 9" x 16" two-color folder showing deposits of bituminous 
coal, subbituminous coal, lignite, and anthracite. 
^Reserve and production figures for individual states 
ar£ included. 

National Coal 'Association , 
1130 17th Street, NW 
Washington, DC 20036 
(202) 628-4322 , . 

Wall Charts 

Two,' 18" x 24", two-color wall charts with text and 
photographs: one describing surface and Ondergfound 
— nvinin^-methods-r -^he— othe^— outld- ning uses and transporta- 
tion of coal . 

National Coal Association 
1130 17th Street, NW 
Washington, DC 20036 
(202) 628-4322 

Coal - Answers to Your Questions (Publication No, 78-33) 



Edison Electric Institute 
New York, New York 
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Coal Mining , 

One of a series of pamphlets prepared v by the technical 
staff of the Mining Enforcement and Safety Administra- 
tion (MESA) to acquaint the reader .with a specific 
area of mining. This pamphlet deals with coal," its 
origin, description, mining, processing, transportation, 
and u3e . r , 



U.S. Department of the Interior 
Mining Enforcement and Safety 

Administration- — - — 
Washington, DC 



Coal 

This^ booklet attempts to answer questions ab^ut coal 

and directs attention to what is being done to make 

coal more usable, more economic, and'cleaner as a fuel 

of the future. 

< h v Edison Electric Institute 
, Washington, DC 

' ( (2D2) 862-3800 * * 
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PETROLEUM 



Gasoline Marketing — Structure, Facts, Demographics 
\(No, 801-15890) 

A publication that provides an overview of the current 

patterns in which gasoline is distributed from the 

refinery gate to end users, 

American Petroleum Institute 
Publications and Distribution 
Section 

2101 L Street, _NW 

."Washington, DC 2W57 
(202) 457-7160 

Purchase: 50 cents 

That Amazing* Maze — ^A Refinery • 

A colorful brochure that describ.es' the inside workings * 

of a refinery converting crude oil to usable energy, 

American Petroleum Institute 
Publications ajid Distribution 

Section 
2101 L Street, NW 
' Washington, DC 20037 
* • . * (202) 457-7160 

Free 



Movies About Oil ' 

A catalog describing motion pictures of general interest 
about various phases of petroleum and the petroleum 
industry. ^ 

American Petroleum Institute 
Publications and Distribution 
Section 

— - 2101 L Street, NW 

Washington, DC 20037 

(202) 4-57-7160 
* 

Free 



Facts About Oil «. 

An illustrated booklet (lesson plan included) containing 
•„ statistical data and inf ormartion on' the various phases 
of the petroleum industry, including origin, explora- 
tion', drilling, production, transportation, refining, 
marketing ,\supply and demand, uses, and general economics. 

. American Petroleum Institute 
Publications and Distribution 
Section ; 

: — 2101 t-Street, NW . 

Washington, DC 20037 
(202) 457-7160 

Purchase: 35 cents 

. Supplementary Emergy Sources , ^ 

A pamphlet describing' coal , gas from coal, oil from 
coal, oil shale, tar Sands, geothermal, nuclear, solar, 
tide and oceairr and wind. 

American Petroleum 'Institute 
Publications and Distribution 

Section 
2101 L Street, NW 
• Washington, DC 20037 
(202) 457-7160 

Free 

The Trans Alaska Pipeline 

A 15-page pamphlet describing the daily operations 

of the Alaska pipeline' from its creation to completion. 

Alyeska Pipeline Service Co. 
1835 South Bragaw St. 
Anchorage, AlaSfca 99504 
(907) 278-1611 

• Free 
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Summary - Project Description of the Trans Alaska Pipeline 



ttle'the pipeline dis 



System 

A booklet that demonstrates how 1: 

turbed^ Alaska 1 s countryside during construction at(d 

how it will .operate without thread to the environment 
throughout its entire life. J - 

Alyeska jPipeline Service Co. 
18S5 South Bragraw St. 
' Anchoragje, AK 99504 # 

(907) 278-1611 

Free 



The Story of Petroleum ~ j 

This book .explains the importance of petroleum and tQlls 

something ^bout the men and -women whose jobs must be 

linked together to produce oil/ It also describes the 

role of the research scientists - the oil workers who 

work in laboratories and who§4 job it is to find methods 

of helping other oil workers' do their jobs better, as , 

well as to improve products and develop new ones from 

petroleum while protecting' the environment; 

/Shell Oil Cq. 
/ One Shell Plaza 
/ Houston, Texas 77002 

The Story of Gasoline 

^This service publication of Efhyl Corporation i«s a, 
reference b opt-on— the manufacture, characteristics, 
and uses of gaspli^e. A^emi- technical treatment of 
. each subject has been purposely cho-sen so that the 
book may serve as a training- text on the one hand, 
or as a source of answers to*the question of 'the motor- 
ing public on the other hand. 

Ethyl Corporation 
Pet ro -le um Chemical Division 
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Energy Outlook 1977-1990 

An 18-page booklet describing Exxon's, assessment of 
the- impact of governmental, economic, environment, 
"and technical factors oh energy supply 'and demand for 
the period 1977-1990. 

Exxon Company, U.S. A 
Public Affairs Dept. 



P. 0. Box 2180 
Houston, TX 77001. 
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NATURAL GAS 



History of Natural*6as (No.\N00430) * 

A comic book giving the/ story of gas -industry past, 



present, and future. 



American Gas Association 
1515 Wilson Blvd. 
Arlington, VA 22209 
(703) 524-2000 

Purchase: 1-4 copies, 6 cents each 



Drilling on The Outer Continental Shelf (No. N00630-Vol. 

4, No. 1) . ^ 

A four-page newsletter printed in two colors. Notes 

the production from tfio^e areas of the outer continental 

shelf of the United States 'where' drilling has beeji 

done, and the potential yet to be proved. * 

American Gas Association 
1515 Wilson Blvd. 
Arlington, VA 22209 
(70?) 524-2000 

H Purchase: 1-99 copies, 10 cents each 

Energy Balance (No. N00645 - Vol. 6, No. 1) 

A four-page newsletter printed in two colors. Dis- 
cusses- the -energy-frarl^tte^ the energy 
users and energy sources of society. 

American Gas' Association 
' . 1515 Wilson Blvd. ' - 

Arlington, VA 22209 
(703) 524-2000 * 

Purchase: 1-99 copies, 10 cents each 
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Natural Gas Energy and The Environment ^ (No. N00650-Vol .j6 , 
No. 1) I 
A four-page newsletter, printed in two colors ^ the 
subject of the ecological implications of natural gas. 
, Presents possible answers to two questions: (1) What 
are the ecological effects of burning fossil fuels m 
for their heat energy; and [2] can we predi c t how long 
the 'deposits of fossil fuels will lasVat present and « 
the projected rates of use^ , ^* 

American Gas Association 
1515 Wilson Blvd. 
Arlington, VA 22209 
(703) 524-2000 

: t Purchase: 1-99 c'opies, 10 cents 

The Energy Problem: Natural Gas 

A 30-page paper (one in a series) on various aspects, 
of the energy situation. It is useful on several counts, 
.combining a good, concise summary of the present role 
of natural gas with interesting projection figures. 
Excellent charts and graphs suitable for classroom 
display are included... (1973) 



Shell Oil Company 
J&ihlic_A££airs 



P. 0. Box 2463 - 
Houston, TX 77001 
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NUCLEAR i 

1 * — ■ n~~ 

i 
i 

Future Nuclear Usage ' p 
A series of pamphlets covering the following:* insfir^ng 
. nuclear' risks , how nuclear plants work, managing nuclear 
wastes, nuclear reactor safety, plutonium in perspective, 
protecting nuclear power plants, recycling nuclear 
fuel, shipping nuclear fuel ,_the savings' with nuclear 



energy, and uranium-energy for the future 



Atomic Industrial Forum,, Inc. 
Public Affairs and Information 

Program 
7101 Wisconsin Avenjue 
Washington, DC 20014 
(301) 654-9260 

Free 





In Time of Emergency 

A citizen's handbook on nuclear attack and natural 
disasters. 

Department of Defense 
Office of Civil Defense 
Washington, DC^ 

Is Nuclear Pow_er Safe? r " ' 

This pamphlet contains, the proceedings of one of a 

series of AEI Round Tabl£ discussions. ^ 

American Enterprise Institute 
1150 'Seventeenth St-, NW 
Washington, DC 20036 

* » -■* 

101 Atomic Terms and What They Mean ' 

ESSO Research and Engineering ^ 

Company * 
P. 0- B.ox 45 
Linden, NJ 
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The Economics of Nuclear Power 

r — ■■ - — ' - - 

Energy Research and Development 
Administration' 
- Office of Public Affairs 
Washingtkn^NDC 20S4S 

« ' . *• 

The Breeder Story * * , 

* Atomic Industrial Forum Public Affairs Workshop Nuclear * 
Information Strategies: New Settings, New Approaches 
by Dr. .John B. Yasinsky; Wes tinghouse Electric Corp. 

r , Atomic Industrial Forum, Inc . 



The Necessity of Fusion Power 

W. H. Freeman § Company 
' 660 Market St. 
. San Francisco, CA 94104 - 

The Economics o^Nuc!6ar Power 

^An eight-page leaflet on the emerging ?Ov^e of nuclear 

■po'wer in meeting our requirements for electricity. * 

Energy Research and Devel^gJmeiffc 
y * Office of Publio A'ifairs^ * 

S \ %% Washington, DC 20545 

4 

^ jCtoms °on the Move/Tr^sporting Nuclear Material 

Energy Research and Development 
v 4 . Office of Public Affairs 

* Washington, DC 20S4S 



Nuclear Energy Resources 

A geologic perspective 



u! S. Department of the Interior 
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Perspectives on the Development of Fusion Power by Magnetic 
Confinement 1977^ « * 

A report of the Fusion Power Reactor Senior Review 

Committee. 

Division of Magnetic Fusion 
Energy 

\j.S. oDepartment of Energy.* 
Washington, DC 20545 



Your Body and Radiation 



, Atomic Power Safety 



i 

Ion 



Controlled Nuclear Fusion 



Radioactive Wastes 



U.S-. Atomic Energy Commission 



U.S.* Atomic Energy Commission 



U.S. Atomic Energy Commission 



U.S. Atomic Energy Commission 



The Nuclear Debate: * A Call to Reason 

A position^paper on nuclear power. Rigorous examina- 
* tion of the present risks, costs, and impact of all 
• ^electric power sources. 

California Council for Environ 

mental and Economic Balance 
215 Market- Street , Suite 930 
San Francisco, CA 94105 



Nuclear Industry 



Atomic Industrial Forum 
7101 Wisconsin Avenue 
Washington, DC 2001*4 
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SOLAR 

\ ' - 

The Coming Age of Solar Energy 

An interesting historical treatment of solar energy. 

National Solar Heating and 

•Cooling Information Center 
P.O. Box 1607 
Rockville, MD 20850 
(800) 523-2929 

Purchase: $7.95 

Direct'Use of the Sun's Energy 

A publication that covers all aspects of solar energy. 

research and application. 

J National Solar Heating and 

Cooling Information Center 
P.O. Box 1607 - 
Rockville > MD* 20850 
(800) 523-2929 

Purchase : $1.95 



Applied Solar Energy: An Introduction 

A basic textbook: to the theory of solar energy, intended 
. for college students. 

Natipnal Solar Heating and 

Cooling Information Center 
P.O. Box 1607 
Rockville, MD 20850 
(80Q) 523-2929 

Purchase: $17.95 



■ 

Fact Sheets on Supplementary Energy* Sources 
•) 1. "Wind Power" t ' 

2. "Electricity from the Sun*, I" (Solar Photovoltaic 

Energy) 

3. "Electricity from the Sun, II" (Solar Thermal 

Energy Conversion) 
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4. "Solar Sea Power" 



■Thermal Energy Conversion) 

U.S. Department of Energy 
Technical Information Center ■ 
Oak Ridge, TN 37830 
(615) 576-5454 

Free 



Energy Pamphlets 

1 . "Solar Energy 11 

2 M Solar Powered Irrigation" 

3. "I've Got A Question About Using Solar Energy" 

4. "Solar Electricity from Thermal Conversion" 

U.S. Department of Energy 
Educational Programs Branch 
* 20 Massachusetts Avenue, NW 

Washington, DC 20545 
(20?) 376-4074 

Free 

A Citizen's Handbook on Solar Energy, 1977 

An introduction to the economic and technical feasibility 

of solar energy. Discusses solar research. (92 pages) 

Public Interest Research Group 
P. 0. , Box 19312 
. * n Washington, DC ^0036 

Purchase : $3.50 (individuals) 
t $15 (institutions) 

Note: This organization has an extensive list of 
related publications. Write for catalogue. 

c 

Solar Energy and Your Home 

A b'ooklet designed to answer 'some of the most frequently 
asked questions about how solar energy can.be put to tfork 
at home. 

U.S. Department of Housing 
and Urban Development 
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Solar Electricity From Photovoltaic Conversion 

A pamphlet by DOE that lists the many advantages, con- 
venience, versatility, safety, and (at- least until 
recently) low cost of solar electricity.. 

Department of Energy ' 
Office of Public Affairs 
Washington, DC 20585 

Solar Energy for Homes 

A researcK project for the Electric Power Research 

Institute for the electric utility industry. ^ 

Electric Power Research Institute 
Palo Alto, CA 



Cogeneration Systems 



Solar Turbines International 
Operating Group for International 

Harvester 
San Diego, C'A 92138 



Solar Energy for Heating and Cooling 

Department % of Energy 
Washington, DC 

Facts • • 

Splar Energy Research Institute 
1536 Cole Blwi- * . 

Golden, CO 80401 

«® 

Solar Energy: Training Materials, Programs, and Manpower Needs 

A bibliography of documents ^and journal articles from 

the NTIS, INSPEC, ENVIRONtlNE, and ERIC Data Bas>es. , 

. Center for Vocational Education 
Ohio State University 
Columbus, OH 
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Solar Heating and Cooling of Residential Buildings - Sizing, 
Installation, and Opgration of Systems 

This is a ^training course to develop the capability of 

practitioners in the home building industry to size, 

9 

install and operate solar heating and cooling systems for 
residential buildings. 

U. S. Department bf Commerce 

Solar Energy Task Force" Report on Education and Training 

This report summarizes data, information, and. discussions 
stemming from the Task Force Workshop of September 12- 
13, 1978. 

Solar Energy Research Institute 
Golden , Colorado 



Applied Solar Seminar Attracts a Crowd 

Texas Energy 

9 

t 

Solar ^Greenhouses Offer Many Benefits . 

Texas Energy 

Building the Solar Home 

Reports preliminary, subjective finds from the first' 
two cycles« of demonstration projects. These are not the 
results of rigorous scientific studies, but represent* 
experiences in the inferences drawn from a limited number 
of solar applications. 

Department of PIbusing and 

'Urban Development 
^Washington, DC 2#410 
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Cooperative Study Assessing the Need for Solar Technicians 

„ ^Te.xas Energy and Mineral 
^Resources 
Texas A § M University 
College, Station, TX 77843 



Solarwork 

An update in the field of training solar workers. The 

purpose is to discuss the progress of solar training, 

to comment on new trends that affect the prospect for 

and nature of solar jobs, and to keep readers^ informed on 

solar-related educational and instructional materials. 

Governor 1 s Office of Appropriate 

Technology n 
1530 Tenth Sjtreet 
Sacramento, CA 95814 

Solar Energy Information Locator 

Prepared from the latest information available to the 

-staff of the' Solar Energy Information Data Bank, 

Solar Energy Research Institute 
1536 Cole Blvd. 
Golden, CO 80401 

The Job Creation, Potential of Solar and Conservation: 
A Critical Evaluation 1 ^ \ ^ ~ 

A paper by Meg Schachter, consultant for DOE.* 



Department of Energy 
X Policy Evaluation , Advanced 
Energy Systems' Policy Division 
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Geothermal Energy 

A 10-page booklet explaining the harnessing of the 
natural heat-of the earth. 



Union Oil Company of California 
Corporate Communications Dept. 
Box 7600 

Los Angeles, CA 90051 
(213) 486-6815 

Free 



Geothermal Energy $ 

A pamphlet describing how geothermal heat is tapped. 

U.S. Department of Energy 
Educational Programs Division 
20 Massachusetts Ave., NW 
Washington, DC 20454 
(202) 376-4074 

Free 

Fact Sheets on Supplementary Energy Sources: Geothermal Energy 

U.S. Department of Energy 
Technical Information Center 
P. 0- Box 62 ' 

Oak Ridge, TN 37830 • ' ' 

(615) 483-8411 r 
* * 

Geothermal Energy: Prospects and Limitations 

A three-page pamphlet w^cn%fscusses the nature of geo- 
thermal energy, the environmental, problems involved in 
its use, and its potential as a short-term alternative 
energy source. 

The Sierra Club "A ' . 

105 Mills Tower [/ ~ 
San Francisco» CA 94104 

Purchase: 10 cents each 
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MISCELLANEOUS ENERGY SUBJECTS 



Iconsumer Information Publications 

1 . M Gas Mileage Guide" 

This guide gives fuel economy and other in- 
formation that can help in the selection 
of a vehicle that meets transportation needs 
\ and, at the same time, is fuel efficient. 

2. "Energy Saving Through Automatic Thermostat Controls 
Gives information concerning advantages t of 
these timing devices, types available, and 

' installation . 

3. ,f Tips for Energy Savers 11 

Gives hints for conserving energy in household 

heating, cooling, and appliance use, in the 

workshop, and in family activities. 

Consumer Information 
Public 'Documents Distribution 
Center * • 

j " Pueblo, CO 81009 

(303) 544-5277 

Department of Commerce Publications (Conservation) 

1. "Voluntary Industrial Energy Conservation Programs , 
Report" 

Issued quarterly, this publication reports 
on progress in energy conservation made by 
key energy-intensive industries. 

2. "Energy Conservation Handbook" 

3. "How to Start anEnergy Management- Program" 

4. "Making the MOST of Your Energy Dollars" 

5. "33 Money-Saving Ways to Conserve Energy in Your 
Business'" 

' „ Department of Commerce , 

Washington, -DC '2-0230 
• s f - (202.) 783-9200 

. . ' 77 v . ' 
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Department -of Energy Publications (Conservation) 

1. "Energy Conservation in the Home" 

A curriculum guide for teachers that contains 
an abundance of ^information on energy conserva- 
tion. ^ 

• * r 

2. "How to Save Money by Saving Energy" 
. 3. "Selected DOE Publications" 

4. % "Understanding You? Utility Bill" 

* <» 

v U. S Department of Energy- 
ED Programs Division 
20 Massachusetts Avenue, NW 
- • s , Washington, DC 20545 

(202) 376-4074 

United States Energy Through the Year 2000 

U.S. Department of the Interior 
Superintendent of Document^ 
UJ5. Government Printing Office 
Washington, .DC 20402 

Energy Conservation Applications 1978 

Daytona Beach Community College 
P. 0. Box 1111 

Daytona Beach, Florida 32015, 



Conservation Task Force Report on Education and Training 

. x „ U-S. Department of Energy 

. " { ED Programs Division 

20 Massachusetts Avenue, NW 
Washington, DC 20545 
(202) 376-4074 



Energy Conservation in New Building Design s 

Executive Summary (An Impact Assessment of ASHRAE' 
Standard 90-75) . 

Federal Energy Administration 
Conservation Environment 



A 



^Washington, DC 20461 y 
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Energy Conservation: How much is enough? 
Reprint of an article. 

Department of Commerce 



Energy Conservation Grants 

A program training manual for schools, hospitals, 
local* governments , an4 public care institutions* 
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Texas Energy Management 
Governor's Office of Energy 

Resources 
Austin, Texas 
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Ifetrof itt»ing Existing Housing for Energy Conservation: 
An Economic Analysis 7 ? ~ 

This study is significant in that it p*6vides a /methodology 
for determining economically optimal levels of invest- 
ment in energy conservation for reducing energy use 
in residential space' heating and cooling. 

Department of Commerce 



The Systematic Energy Conservation Management Guide 

Energy Management Division 
• American Management Association 
. 135 West 50- Street 
New York, NY J0020 

■ / 

Energy Conservation Workshop for Community College Leaders • 

•ThiVis a report on the results 'of a workshop on energy 

conservation for community college' leaders . 

Energy Research and Develop- 
' ' ment Administration 

\ , • Office of Public Affairs 

Washington, DC 20545 < 
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Energy Conservation on Campus ) 

This publication has been prepared for institutions 
of higher education by the Energy Task Force through , 
Federal EnergySidministration Contract No. CO-04-50247- 
OOwith the Association of Physical Plant Administrators 
of Universities and Colleges. Its purpose is to assist 
colleges and universities' and other non-profit institu- 
tions to mount and sustain effective management programs 

Federal Energy Administration 
Washington, DC 20461 

Department of Energy Publications (How to Save . ..) 

1. "How to Save Gasoline ... and Money" 

Leaflet 

2. "Tips for Energy Savers" * 

Booklet on how td save energy and money 
at home . 

3. "How to Save Money by Insulating Your Home" 

Department of Energy 

The Complete Energy-Saving Home Improvement Guide 

This book is designed to take the confusion and guess- 
work out of home energy conservation practices by show- 
ing how to 'save energy and money without sacrificing 
comfort . 

Governor's Energy Office 
80 Dean Street 
^ \ Providence, RI 02903 

a 

A Guide to Re'ducing . . . Energy Use Budget Costs 

Federal Energy A dministration 
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Making the Most of Your Energy Dollars in Home Heating § Cooling 
The facts in this booklet are based on the "findings ^ 
and methods published earlier in an economic report, 
Retrofitting Existing Housing for Energy Conservation: 
An Economic Analysis ? 

U.S. Department of Commerce 



How to Save Money by Saving Energy 
Brochure. 

U.S. Department of Commerce 

Energy Conservation Handbook (For light industries and 
commercial buildings) 



Brochure . 



(Office of Energy Programs 
U.S.' Department of Commerce 
.Washington, DC 20230 



Tips for Energy Savers (In and Around the home, on ^ the 
road, in the marketplace) 



^ Brochure 



Federal Energy Administration 



Energy Audit Procedures 



Ohio Board of Regents 
30 East Broad Street 
36th Floor 

Columbus, Ohio 43215 



Washington Energy Auditor Training Manual m (for schools, 
local government and public care facilities) 

These materials are intended to provide the information 

and forms necessary for training' Energy Auditors for 

the Stajte of Washington. 

• «Planergy, Inc. 

901 W. Martin Luther King, Jr. Blvd. 
Austin, TX. 78701 
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Texas Energy Management 



Plane.rgy , Inc * 
400 Madison St. , '*1303 
Al exandr i a , VA N 2 2 31 4 

Planergy , Inc , 
901 W. Martin Lusher King, Jr. Blvd, 
Austin, TX 78701 



Instructions for Energy Auditors [Volume I § II) 

1. M Energy Audit Workbook for Bakeries" v 

2. "Energy Audit Workbook for Warehouses 11 

3. - "Energy Audit Workbook for Bus Stations" 

4. "Energy Audit Workbook for Restaurants" 

5. "Energy Au^it Workbook for Office Buildings" 
6/ "Energy Audit Workbook for Die Casting Plants" 

7. "Energy Audit Workbook for Retail Stores" / 

8. "Energy Audit^ Workbook for Hotels and Moters" 

9. "Enfergy Audit Workbook for Hospitals" - 

10. "Energy Audit Workbook for Schools" 

11. "Energy Audit Workbook for Apartment Buildings" 

U.S. Department* of Energy 

Energy Management: Trade Associations and the Economics 
of Energy 

^ U.S. Department of 'Commerce 



EPIC Energy Management Series * t 

1. "Energy Management Guide for Light Industry and 
Commerce" 

2. ^ "Energy Management for Furnaces, Kilns, and Ov c ens" 

Department of Commerce \ 
^ ; Washington', DC 
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Energy Conservation Program Guide for Industry and Commerce 
Th€* EPIC is a guide to assist business and industry to 
establish an on-going conservation program. EPIC out- 
lines the steps in an enel|£y conservation program and 
suggests specific ways to reduce energy use in manu- 
facturing and commercial businesses. 

U.S. Department of Commerce 

Waste Heat Management Guidebook 

Sources of waste heat .in industrial processes are fe- 
viewed, and an overview of of f-the-s]ielf technology 
available- for its use is given. Discussions? jxf waste 
heat measurement technology' and economics, are included, 
as are 14 case studies of successful industrial waste,- 
heat recovery ftTKtallations} * t < 

> ~ U.S. Department of Commerce 

* " • ' 

Comparative Risk-Cost-Benefit -Study of Alternative Sources 
of Electrical Energy 1 ^ ~ ~~ 

A compilation of normalized cost and impact data, for 

current types of power pltjjits and their supporting fuel 

cycles 

Office of Energy-System Ajjalys 
Division of 'Reactor Research.* 

and Development 
% United,, States Atomic Energy 

Commiss ion 
Washington, DC 

Total Energy -Management t • 

TEM is an. energy conservation approach based, on the 
premise that to effect energy savings in buildings 
one must make the building 1 s systems as efficient as 
possible. ' " * 

U.S. Department of Commerce 
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Energy Management s 
A Magazine.' 

Industrial Publishing Co. 
• ^ Division of Pittway Corp. 

. . w Cleveland, Ohio 
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<* Texas History: A Twenty-Five Year history 

Texas Energy Advisory Council 
• s . • 7703 North Lamar 

f * 4 e * Austin, TX 78752, 

Texas Energy Report Number 24 

v Texas Energy Advisory Council 

' - 770.3 North Lamar 

• * * % • * Austin, TX 78752 

"* NASA Niclcel-Zinc Battery Technology: .An Energy Boost for 

Electric Vehicles ' j 

* s ^ National Aeronautics § Space 

*^ „ * ■ * Administration 
' \ , Lew Research Center _ 

- t Cleveland, Ohio * 

Department of Eiyergy Publications' * 
* . f 1*. "Gas 'Turbines for Efficient Power Generation 1 / 
. \ ,« 2. * ''Enhanced Recover <^ Oil and^Gas" 

\ \ 3. "Water Power: . U*se of a ^Renewable Resource" 
4.' "Flywheels: Storing Energy *as Motion 11 
> • s * # - U.S. Department 'of Energy. 



1 . • 4 DOE TecKnical Information - 

; . . t - * ' Center. * t . *7 ^ 

P.O./ Box 6 2 

* * ^ 1 }• Oak Ridge, TN 37830 



National Industrial Publishing 
Co. 

1610 Potomac Avenue 
Pittsburgh, PA 15216 
(412) 651-6191 



Laser Fusion Program 



Los Alamos Scientific Laboratory 

P. 0. Box 1663 - 

Los Alamos, New Mexico 87545. 



Energy in Solid Wastes 

^ A citizen's guide, to saving. o 

Citizen's Advisory Committee 
$t -on Environmental Quality 

1700 Pennsylvania Avenue, NW 
Washington, DC 20006 
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GENERAL ENERGY SUBJECTS / ,. 



Energy Report 

• A monthly publication. 



National Energy Research 

§ Information Institute 
1950 Third Street 
LaVerne, CA 91750 



Uni ted S tat es ENERGY through the Year 2000 
% — \ 

The mainstay of a taodern industrial nation, such as 

t * . *. 

the United States, is its ability to secure and use 

energy resources. This will continue to be important 
to the national, economy . In order to properly plan 
for energy demand, it is necessary to assess and fore- 
cast the demand as accurately as possible - which is 
the purposeVof this p t aper. 

\ U.S. Department of Interior 



Professional Energy Careers 

r This booklet gives a ^rief outline of the professional 

careers in the energy field. ^ 

* - Energy 

P.O. Box 62 

Oak Ridge, TN 37830 

Cheating Energy Choices for the Future 

A summary of the national plan, for energy research, 

developH*&Q£ , and demonstration* 

Energy Research and Development 
Administration c / 
: Office of Public 'Affairs 
Washington, DC 20545 
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World Energy Outlook . - 

A background paper, prepared by the Pubii'c Affairs" 

Department of Exxon Corporation. 0 

* ' r PuHlic Affairs Department 
• ^ Exxon Corporation/ • 
- ' , 1251 Avenue oS the Americas 
.New Y«ork, NY lOO^O 

Energy and Education" Act ion Cent^f • • 

— — ; — 1 * ^ 

^ Brochure. 

IKS. Department .of Health, 

"Education § Welfare 
Energy § Education ^Action 
s> Center 

Washington,- DC 20202 9 \ 



Energy for Today and Tomorrow 
Brochure. 



tyestinghouse E»L*Cttic Corporation 
Westinghouse Building 
Gateway Center • < 

Pittsburgh; PA/15222 # 



The Energy Crisis / . . ■ * v» 

An eight-page pajnphlet. - * 

• , * • 

, ' • ,U.S. Energy Research Development 

* * Administration ✓ " J 

Officfe of Public Affairs 

> ^Tj - Washington, DC 20545 % 

The/Energy Outlook for the 1980s. v ^ 

< A study prepared for 'the use of the Subcommittee on 

Economic Progress of the Joint Economic Committee Congress,, 

of the United States. 4 v 

IhSU Energy Research § Development 
Administration, 
' Office of Public Affairs 
Washington, DC 20545 



Energy Power Jdurnai 
Magazine. 



J 



National Education Council 

on Energy andPower* 
P. 0* Box 618 
Concord, MA 01742 



Energy v 

Magazine: 



.Business Communications Co, 

Inc . 
9 Viaduct Rd. 
P.* 0/ Box 2070C 
Stamford, CT 06906 



The Energy* How You . Fit in Puzzle . 

♦ 

^ A one-time publication (magazine) 5 

U.S. Department of Energy 
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* Energy and the Way We Live 
V calendar of issues: 



U.S. Department of Energy 



Information 



Weekly announcements* 



U.S. Department of Energy 
Office of Public Affairs 
.Washington, DC 10461 r ? 



Energy 'Insider 



Energy Oser News 



U.S- Department of Energy 

J 



A Fairchild Business Newspaper 
7 East 12<h Street 
New York, N,Y> 10003 
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Aeolian energy : Energy generated by wind power. 

Acid drainage : The result of water moving through the sub- 
stratum (during undergroun4 mining operations) and 
carrying toxic materials that eyentually discharge into 
open ecosystems. 

Active solar system : Energy is collected by solar collectors 
located on the roof of a building. Then, the heat energy 
is carried away by water or air and transferred to a 
large storage system to use later to circulate through- 
out the building . when necessary. , • 

All-electric homes. : Homes supplied with energy from electric-- 
ity alone. 

Anthracite ; A type of coal that is hard and brilliant. It 
is high in % carbon content and has excellent. heat value. 

Audit methods : The first three of five usual steps in an 
energy audit procedure 'that: involves determination of 
energy loss. 

/ . 
Biogeochemical* cycles : 4 The cycles in which matter that is 

related to living things moves about the earth. 




Bioma^y : General term for "plant and animal waste. 

Biospfyere ; The* life zone of the earth, including th 
p Wt of the atmosphere, the hydrosphere, soil, 
lithosphere to a depth of about two kilometers. 

Bituminous : * A type of" coal that is solid but easily brcxcen. 
Its carbon content is high, its heat value is good,\and 
it is very eaay to mine 



Boiling water % teact&g»'(BWR) : A light-water nuclear reactor 

in which water rs pumped through the reactor (which is 

at a tempe'rature of about 600°F) and steam'* is formed to 

drive the turbine. 

* • 

feritlsh thermal units (Btu) : Th^ amount heat etfergy re 
quired .to raise the temgejrature of one pQund of 'air-£ 5 
water* one. degree /Farenheit . 
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Calorie (cal) : A common unit of heat energy in the metric 
. system. It is the amount of heat required to raise the^ 
temperature o% one grp of water one degree Celsius. 

Capital stock of U.S. ' economy : .The outstanding shares of a 
joint-stock company considered as an aggregate or the 
> ownership element of .a corporation divided into shares 
• • and' represented by certificates ,as this definition 
applies to the nation. 

^ Carbon dioxide : A gas that occurs naturAly in the atnK>spHere 
yet is a potentially troublesome product emitted from 
the burning of fossil* fuels . , • 

Carboniferous period : A major period of geologic, coal-form- 
ing time^dated as approximately 300 million years. 

» . 
Carbon monoxide (CO) ft poisonous gas produced by incomplete 

combustion of organic materials. A pollutant. 

a * * ■ ** * 

' Catalytic converters : An emission control , device used in 
automobiles for increasing the oxidation process by 
converting more of the hydrocarbons and carbon monoxide 
to carbon dioxide and waiter*. 

Climate zones : A belt of the earth's surface within which 
the surface is generally homogeneous in some respect; 
an elemental region of ,a simple climatic classification. 



Color renajtign : A consideration in choosihg home^ighting . 
~ It is ^a relative term in that it refers to the extent 

to which the ' perceived color of an object under a light 
source matches the perceived of that object under the 



and cooling system or serve toj provide precise air &up- t 
ply at a constant volume. J 
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Cooling towers : A tower-like device used by power plants in 
wnich atmospheric air circulates and cools warm water, 
generally by direct contact (evaporation). 

Demand charge : A charge made by utility companies to indi- 
vidual customers (electricity users) for the promise to 
supply sufficient energy for the peak demand of that' 
customer. This charge is how utility companies recover 
costs associated with investment in capacity and equip- 
ment to serve peak demand. 

Dual duct system : A system that has a central unit that 

provides both heated and cooled air, each at« a constant 
temperature. .Each space is served by two ducts , v one - 
carrying hot air, thje other carrying cold air. 

. . X 

Economic analysis (cost analysis) : Analysis of a project 
considered in terms of energy savings compared to the 
costs of the enepgy savings. 

Ecosystems : A functional system which includes the organisms 
of a natural community together with their environment.- 

Energy : The ability or capacity to' do work. 

Energy audit : Method, used to determine the efficiency of a 
system and devise ways to increase it and, thereby, re- 
duce energy loss. N x 

Energy conservation : A planning process tha?t . emphasizes* the 
available work content of energy resource's.. 

Energy efficiency : F&f light "sources, it, is -the measure of 

now much light .is produeced in relation to the amount of 
energy used. 

Energy Efficiency Ratio (EEfc) : The amount of heat one Watt 
of electricity will recover from the air ' in one houj. 

Energy input (Ej n ) Amount of usable energy, usually in trie 
form of fossil fuel or electricity. 

Entrophy Law : The transformation of work or heat 'into dis- 
order, or entrophy. 



• 93 

283 



\ 

Energy loss (Ei nf; <;) : The difference between ^energy input 
and energy output. ' 

Energy output (Eput) -: \Result*of energy " input , usually 'mea- 

sured by useful wojrk or products, " «• . * - 

f ■ ' * 

Energy shortage : Usually defined as, depletion of f energy re- 

sources] Actual shortage believed no*V to -exist , -but .a 
, -result of inability to convert existing" energy into us- 
able forms . 

* » * ** 

Energy source : A source of energy, such as fossil fueJLs, 

" wood , so Par , nuclear, and so forth. 

Energy units : Method of measuring en e r gyHTour c e s in terms of 
' available energy. 

Environmental ride : The toll that an energy^ source takes on 
the complex of climatic, edaphic, and biotic factors 
that act upon an organism or an ecological community 
and ultimately determine its form and survival. 

Fan coil system : /A heating and cooling system that consists 
of ^ever£i-<tan coil units , each of, which, has a fa.n and 
a heating or pooling coil. * • 

Fertile material : ,A nonf issi.onable substance * converted into 
a fissionable isotope during the reactid'n process in 
breeder reactors. ^ • V 

Fliioresqent :. A type of tubular discharge lamp in** which - ion- 
, izat ion of mercury vapor produces radiation that acti- 

vates the fluorescent coating on the inner surface of 
the glass. Used mainly in office building's. 

\ s 

Gas-cooled breeder reactor : A type of breeder reactor that 
uses the urainum- thorium fuel cycle. , * . , 

Gas/electric homes : Homes supplied with energy frpm both /gas 
and 1 electrictfey. 

Geopr'essured reservoir : A type of geothermal reservoil: usu- 
ally made up of porous sands containing water or brine 
* at high temperature or pressure- trapped benea-th . the' 
earth. < , . 

J * * 

♦ 9 
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Geothermal energy : Energy generated by the natural subter- 
ranean heat of the earfh. 



Heavy wa,t'er : A compound of hydrogen and oxygen containing a 
~~ higher proportion of^the hydrogen isotope deuterium than 
does natur.ally occuring wefcer. 

Helium s A gaseous chemical element. 

High-pressure sodium : A type of hig'h-intensity discharge 
lamp. Used in, commercial and industrial |*«<1jors be- 
cause o£ efficiency and long life. 

Horsepower (hpQ : --A-unit of_power equal to 500 faot^pounds 
^ per second, approximately 74 5.7 watts. ' - 

* Hot-rock system : A type of geothermal reservoir that would 

require Wells to be four and. five miles deep since the 
normal- temperature gradient is about 100°F per mile. 
This is too deep for present techniques. 

.Hydroelectric power : Electricity or mechanical power from 
" hydroelectric x power piUa^ts that_ use the force of falling 

water to turn a 'turbine generator. ^ 

Hydrocarbons : Chemical compounds emitted from evaporation of 
fuel from vehicles, fuel-handling operations/ and un- 
bujrned fuel in vehicle exhausts. A pollutant. 

Hydrothermal reservoir : The most commonly used type of 
^ rgeothermal reservior in which stream is used to drive 

. w • • turbines . t ' ' 

, * Incandescent : As an electric lamp (bulb) , it produces light 
* ; ' when a metallic fillament is heated white-hot in a 

vdcuum by passing, an electric current though the fila- 
r ment. • . - 

Induction system : * An air -handling unit that "supplies heated 
. * or cooled primary ^air a't High pressure to induction 

units, located qji the^outside walls o£ each space served. 

Inertial 'containment : , An approach to research with fusion- 

* as compared to magnetic* coiita-inment . , 
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Insulation : Material used in walls, ceilings, and floors to 
retard the passage of heat and sound. 

Joule (U) : A unit of energy equal to the *work done by a force 
of magnitude of one newton when the point at which the 
force is applied is displaced one meter iif the direction 
of the force. 

Kilocalorie (kcal) : A unit equivalent to 1,000 caloriesV4t 
is the heat requirea to raise the' temperature of one 
\ kilogram Of "water by one "degree Celsius. 

Kiloj oule (kJ) : A unit of energy equal to 1,000 joules. 

. ^ 

K i 1 o w a 1 1^- ■ JUcojnmxmly-' axs e d power unit-4ha-t corresponds ^o ' t he 
# passage of 1,000 joules a kilojoule, per second. 

Kilowatt-hour (kWfr) : A unft of energy equal to 1,000 watt- 
/hours [see watt) . m . . 



Light intensity : Measured^in lumens,, it is the amount of - 
light that is produced. ~ 

Light w e ater : Ordinary water used as a coolant and moderator 
~^ in nuclear redactors* Both hydrogen atom's in .each mole- ' 
% • cule* are of ."^lie^sotope protium.* 

Lignite: A type of coal that is soft, crumbles easily, and 
is. low in carbon content arid heat value. It. is diffi-* 
cult to mine, , '* 

. /- » • ' ■ 

Liquid-metal fast Areeder reactor * The highest priority of 
• * breeder reactors.* It uses, the plutouium-uraniunf cycle. 

Load* factor : The "ratio of average load to "peak load 'in 
~ -kilowatts of electricity, ' - « 

Lumens: the/ unit of luminous flux, equal to the luminous . 
Flux emitted .within a unit solid angle (one steradian} 
from. a point source having a uniform intensity^of one 
cande-la . « . 

Magnetic ^containment # Ah^ approach to research with fusion in 
whipfe^Ttte charged plasfta is suspended in a large electro- 
magnet* t> . ■ 
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• Mercury vapor : A high- intensity discharge lamp. Light is 
f * produced by an electric arc between two " electrodes in 

an iodized mercury - vapo'r ■ a tmo sphere ';• it gives off a 
.bluish-green 'liglit^yf^h in ultraviolet radiation. 

' Metal-halide : A type of high-intensity discharge lamp. 

Used m commercial cind industrial sectors* because of 
efficiency and long life. 
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Methane : A major component of natural gas. It, is a product 
In the decomposition of organic materials. 

« » 

Moltea'-salt breeder reactor : A type, of breeder reaotor that . 
uses the uranium- thorium fuel cycle. f* ■ 

Multizone system : 'A heating and cooling system that heats 

and cools several zones, each* with a different, load, v 
requirement from a central rzed unit.' & 

Net efficiency of "energy 'use f The ef f ectiveness ' of advert - 
mg energy sources to useful farms of energy. Highly 
dependents upon number of ,steps required for conversion. 

Neutron :" An elementary particle which has approximately the 

♦ same mass as the proton but lacks electric charge; and 

it is^ a constituent of all nuclei, having -mass numl^eiy 
greater '-than one. , 

Nitrogen oxides -: Gas fhat is emitted during combustion "of t 
fossil fuels. Nitrogen dioxide can react with oxygen 
in tfie air to produce ozone, and air-pollutant. 
& . ' 

NonregenatiVe processes': ,A procedure to remove sulfur oxides 
from power plant flue gases by using a'line and limestone 
scrubbing process.' The reaction product in the scrubbing 
\ slurry is discarded. 

Nuclear fission : ^The^nucleus of a heavy atom^i s s *spl it into' 
two or more fragments. * » „■ " 

Nuclear fusion : ."' Combination of two light nuclei to form* a.^ 
heavier nucleus (and 'perhaps other reaction products?' 
with release of some binding energy. 

v ♦ 

Nuclear wastes : Liquid, ' solid, or gaseous . was te resulting' 
from production of reactor fuel materials, reactor oper- 
ation, processing 0 of Jirra^iated reactor fuels, and so 
forth.* * ' ~ 
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Ocean therm.al energy : A potential source of energy created 9 
1 by a temperature differente that ocfcurs when deep^cold - 

ocean currents flow toward the equator beneath the 

warmer upper ocean JLayers. . 

Oil Shale : A finely grained rock that contains organic mate-^ 
, rial^ called kerogen. ^ 

Particulates : Any matter, solid, or liquid iji which individ- 
ual particles ar?" larger than a molecule but smaller 
tthan 0.5 millinjeters . " 

Passive sola'r system ; Does not involve circulation * to a 

storage container , ^as compare to an active solar system. 

Petraleum: A fossil fuel formed fVbm the remains, of tiny 



naquatic plants and animals in the sea. It is a major* 
V^cfcirce of energy. > - ^ 

Plasma ?tate :' How matter exists at very high temperatures 
of hundreds of millions pf degrees. 1 Nuclear fusion 
reactions can only occuj/ in this statejf^ 

The politics of energy : The competition betweeji competing 

interest groups or individuals for: power and leadership 
in the area of having, getting, or maintaining resources 
that have the ability to do work. . J $ 

Pollutants :* Particles or. Substances that ^impair the purity 

of the environment. 

j 1 

Pressurized water reactor (^WR) : A light-wat§r nuclear reac- 
to? in which water'under high pressure is pumped A through 
tire reactor and heated. 

Quad : A unit used when considering 'energy on a yery large 
scale. It is equal^ to one quadrillion 
- ' (1 ,000;000, 000,000,000 dr*10 1 5 Btu) . 



R-value : A measure of effectiveness .of various .insula tji^lv. 
materials; "the higher 'the R-yalue*., the greater is^the 
7 resistance to .the transfer of heat. % ^ 

Reclamations; Restoration of st^ip -roiled land. 



Recycling : Rfeturniitg to an original cond£{$|on or r<?use of 
materials : ^ 
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Regenative process : ' A procedure to remove sulfur oxides from 
power plant flue gases by using either an ammonia or 
magnesia scrubbing process. The reaction product is 
converted to a useful end-product. ^ 

Scrubbers : Devices installed in- power plants .to remove sul- 
•fur oxides from power plant flue gases. 

- self-contained systems : A roof-top- unit , window unit, or 
~ through the-wall unit. 

• Single- ^one system : A heating and cooling system that pro- 
< vides both* heating and cooling to one zone that^i^ con- 
trolled by the zone thermostat. * 

Strip mining : * Procedure fot mining coal in Which the earth 
is removed in one ct*t and dumped into the" empty space 
left by the previous cut. It disrupts land surface 
and contributes to pollution and clpgging of streams 
and reserviors . „ 

Sulfur oxides : Oxides of sulfur which are produced during 
~: combustion of fossil fuels. A pollutant. 

4 * ' '. • • 

, Tar sands> : Sandstone and limestone, reservoirs impregnated 
— 1 \ with, a, he^vy crude oil . 

Terminal rehear system : A^ modification of a'Tingle zbne 
sy*£te°m that provides a higher degree of temperature 
and humidity control. ' > * 

. Tidal plant : A power plant that, uses the rise and fall of 
: tidal waters to operate a tur f bine that generates elec-^ # 
tricity. , . . m 

Thermal pollution : To contaminate ' through the production of 
heat. Occurs when waste heat is released into tfrfev . 
environment. • ^ — " 

' Thermostat : A instrument that measures changes in tempera- 
ture and directly or indirectly control! sources of 
heating and cooling >to maintain a desirefe temperature. 

r . 

Underground mines: 'Used in deep mining for coal. 
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Underground mining and surface mining : The two .methods of 
mining coal . The composition, • Hardness , and regularity 
of the. strata both overlying ' and underlying a coal bed 
are highly important in assessment of minability. 

Uranium- 235 : Fuel most commonly used for nuclear fission. 

i 

Variable air volume system : A'he^ting and cooling system 
that provides heated or cooled air at a constant tem- 
perature to all zones served. Units in each zone ad- 
. just the quantity of air reaching each zone. 

Watt : The basic unit of power in the metric system that 

corresponds to the passage of one joule of energy per^ 
second (see joule). 

Work: What happens when a force is exexted on a body while 
the body moves at the s^me time in such a way that the, 
. force has a component in the direction oT motion. 
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